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FIFTH GENERAL MEETING, 


Hetp at RocHester, N. Y., Aug. 16th and 17th, 1892. 





FIRST DAY’S SESSION, 

The meeting was called to order at 11:15 A. M., Aug. 16, 1892, 
in the Lecture Room of the Reynolds’ Laboratory of the University 
of Rochester. Vice-President Prof. A. A. Breneman in the chair. 

The Chairman regretted that the President, Prof. G. C. Cald- 
well of Cornell University could not be present owing to absence 
in Europe and spoke briefly of the growth and present prospects 
of the Society ; the regular order of business was then taken up. 

On motion, reading of the minutes of the June Meeting was 
omitted. 

The following members were elected : 

Dr. Henry Carmichael, 12 P. O. Square, Boston. 

Prof. E. 'T. Fristoe, Columbian University, Washington, D. C. 

Prof. N. Tl. Merrill, Burlington, Vt. 

Dr. EK. A. de Schweinitz, Cosmos Club, Washington, D. C. 

Mr. Geo, Steiger, 1303 F street, Washington, D. C. 

The following nominations were made : 

Prof. L. W. Andrews, State University, Iowa City, Iowa. 

Dr. W. N. Bullard, Helena, Montana. 

Mr. Halsey Durand, 49 Franklin street, Newark, N. J. 

Dr. Samuel H. Griffith, U. 8S. N., U.S. S. ‘* Jamestown,” New 
London, Conn. 

Mr. F. L. Harding, Long Branch, N. J. 

Mr. Thos. P. Kingsford, Oswego Starch Factory, Oswego, N. Y. 

Mr. James Locke, Am. Glucose Co., Buffalo, N. Y. 

Prof. E. G. Smith, Beloit, Wis. 

Mr. John B. Stearns, University of Vermont, Burlington, Vt. 

The following papers were read : 

I. **On some new Nickel Minerals,” by Dr. S. H. Emmens; read 
by the Secretary, in the absence of the author. 

I]. ‘* A Peculiar Reaction of Niagara River Water,” by Edward 
Gudeman, Ph. D. 
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III. “On the Use of Fluorides in the Manufacture of Alcohol, 
by Dr. Leo. Baekeland ; read by the Secretary, in the absence of the 
author. 

IV. Obituary: ‘Jean Servais Stas,” by Prof. Edward W. Morley; 
read by the Corresponding Secretary, in the absence of the author. 

V. “The Estimation of Levulose in Mixtures,” by Dr. H. W. 
Wiley. 

The resignation of the Librarian, Dr. C. E. Munsell, was read, 
and referred to the Board of Directors. 

Invitations were read from the Eastman Kodak Co., and the 
Bausch & Lomb Optical Co., to visit their respective works. 

It was moved that the invitation of the Eastman Co. be accept- 
ed for three o’clock of Tuesday, August 16th, and the invitation of 
the Bausch & Lomb Optical Co. for nine o’clock on the following 
day, and that the Secretary notify the companies of the accepta- 
tion of their invitations and of the times appointed. 

The Session was then adjourned. 
DURAND WoopMAN, 


Recording Secretary. 


SECOND DAY’S SESSION. 

The second session of the Fifth General Meeting was called to 
order at 2:15 P. M., Wednesday, August 17th. The minutes of 
the first day’s session were read and accepted. The Chair called 
attention to the death of Doctor T. Sterry Hunt, and suggested 
that a suitable notice of his life and work should be prepared. 

It was moved that such a notice be prepared, and that Prof. G. 
F. Barker be asked to prepare the memorial. Carried. 

The Chair asked for a report from the Committee on the 
World’s Congress of Chemists. 

Prof. Wm. McMurtrie, chairman of the committee appointed by 
the Society at the December meeting, reported that the Chicago 
committee had arranged to work with the committee of the Society 
as a joint committee, but that no further definite arrangements 
had been made. 

Prof. J. H. Long, of Chicago, by request spoke upon the same 
subject. He stated that it had been decided to extend invitations 
to chemists abroad in the joint name of the World’s Fair Auxiliary 
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Committee and of the American Chemical Society ; that the Fair 
Committee agrees to furnish rooms for meetings and to publish the 
proceedings : also that a list of American and foreign chemists had 
been prepared to serve as an advisory committee. 

Prof. McMurtrie stated that a circular would soon be issued 
asking for views on the subject from American and foreign 
chemists. 

Prof. W. H. Dudley then moved that the new Constitution as 
left by the Committee on Revision at their meeting of the preced- 
ing day, be read by the Secretary. Carried. 

Dr. Wiley then read the draft of the Constitution. 

After some discussion it was moved that this meeting recom- 
mend to the committee of fifteen on Revision of the Constitution, 
that each member of the Society be allowed only two votes for 
member of the Council. Also that the article upon amendments 
to the Constitution be modified, so as to permit the presentation 
to the Society of all amendments received by the Council.* 
Carried. 

Dr. Wiley moved that a committee of three be appointed by the 
Chair to take measures to amend the charter, so as to remove the 
section requiring that a majority of the Board of Directors shall be 
residents of New York. Carried. 

The following papers were then read by title : 

I. ‘*The Aikaloids of Sabadilla,” by Richard Fischer; com- 
municated by Dr. A. B. Prescott. 

II. ** Note on the Recovery of Arsenic,” by Dr. A. B. Prescott. 

III. ‘‘ The Albumenoids of Maize,’ by Dr. George Archbold. 

IV. ‘‘ Note on the direct oxidation of organic matter in water,” 
by Prof. W. P. Mason. 

A vote of thanks was then moved to the University of Rochester 
and to Prof. Lattimore in particwar, for the courtesies and kind- 
nesses extended to the Society. Carried. 

A vote of thanks was also given to the Eastman Kodak Com- 
pany and to the Bausch & Lomb Optical Co. 

The meeting was then adjourned. 

DurRAND WoopMAN, Recording Secretary. 
* The Committee on Revision of the Constitution, at a meeting held 
immediately after the close of the general meeting, rejected the first of 
these recommendations and adopted the second.—ED. 
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JEAN SERVAIS STAS.* 
Born at Louvain, August 21st, 1813. Died at Brussels; Decem- 
ber 13th, 1891. 

The magnificent services rendered to science by- the great 
Belgian chemist, were mainly investigations into the foundation in 
fact of certain speculations as to the unity of matter. They are 
divided into two groups; one relating to theatomic weights of many 
elements, the other to the spectra of elements when volatilized. 
The latter have not yet been published, and are therefore known 
but imperfectly through brief accounts by friends of Stas. The 
former have been published ; most of them as fully as could be 
asked. Of them we may well say what Stas said of Berzelius: 
‘* His works remain as imperishable monuments of his penetration 
and genius. His analytical skill has never been surpassed, in fact 
has never yet been equalled.” 

The first important work of Stas was an investigation of phlorid- 
zine, Which had been discovered by him and his friend De Koninck. 
The existence of this substance had been indicated by Professor 
Geiger, but it had not been isolated. A fortunateaccident put De 
Koninek in possession of a considerable quantity of the bark of 
trees containing the new substance, and gave occasion to an investi- 
gation, which included the preparation of phloridzine in a pure 
state, a study of its properties, and a determination of its composi- 
tion. The share of Stas in this part of the work does not appear 
from the printed memoirs and abstracts, which were published in 
the name of the De Koninck ; Stas afterwards wrote of it asa joint 
discovery. 

The young physicians of Louvain in these early experiments had 
good success in determining the properties of their new substance, 
but their ultimate analysis was less satisfactory. De Koninck after- 
wards turned his attention to paleontology, though producing a 
few papers on chemistry. Stas abandoned the practice of the 


* Elected an honorary member of the American Chemical Society 
October 2, 1891. 
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medical profession, for which he had prepared himself, and re- 
solved to follow the inclination towards chemical investigation 
which he now so strongly felt. 

If the year had been 1823 a student of chemistry might have gone 
to Berzelius. Now, Liebig had been at Giessen since 1824, and 
Dumas was teaching, in various capacities, at Paris. To Paris Stas 
went. There was no vacancy in the laboratory of Dumas, and 
Dumas was too busy even to receive a vain application for admis- 
sion to it. Stas showed the same unconquerable patience and per- 
severance here as afterwards in chemical investigation. He went 
again and again to visit Dumas ; finally the servant who opened 
the door, while again answering ‘“‘ M. Dumas is not at home,” by 
some gesture invited the resolute young man to enter, and showed 
where to find Dumas. Some weeks later, Stas was a pupil in the 
laboratory of Dumas, in the company of other students who were 
afterwards to take honorable places in the ranks of science. 

Here Stas continued the investigation of phloridzine. He de- 
termined its formula, and the formula of some of its principal 
derivatives. He found that dilute acids acted upon it to produce 
glucose and phloretin. Liebig and Woehler had, two years before, 
noticed a similar reaction in case of amygdalin, and Piria, a fel- 
low student in the laboratory of Dumas, had found that salicin 
also belonged to the class of ‘compounds now called glucosides. 
This work on phloridzine formed the subject of an article of forty 
pages in the Aunales de Chimie et de Physique, which was translated 
into the journals conducted by Liebig and by Erdman. Berzelius, 
in his Jahresbericht for 1838, devotes no less than twenty-three 
pages to an abstract of this paper, being one-eighteenth of the 
whole space devoted to organic chemistry. The great Swedish 
chemist, always somewhat chary of praise as he was, remarks, near 
the close of this abstract, “‘ From a chemist who begins like this, 


much may be expected.” 

Under the direction of Dumas, Stas studied the action of alkalis 
on alcohols. A paper, entitled ‘‘ Premier Mémoire sur les Types 
Chimiques”’, appears under the name of Dumas in the Annales for 
1840; the second memoir appears under the names of Dumasand Stas, 
and describes the experiments made by the latter. They examined 
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the reactionin the case of three well characterized alcohols ; 
: methyl, ethyl and cetyl alcohols. They found that fusel oil was 
converted into valeric acid ; a fact of considerable interestat a time 
when but very few compounds occuring in plants and animals had 
been produced artificially, and of farther interest because it showed 
that fusel oil contained an alcohol. Valeric acid was thoroughly 
studied, its vapor density determined, some of its saltsand some of 
its subtitution products prepared and analyzed, and the new prod- 
uct was shown to be identical with the acid of the Valeriana offici- 
| nalis, L. They converted the supposed alcohol into valeraldehyde, 
and also studied the action of a mixture of potassa and lime on 
many ethers. , 
Dumas and Stas now began an investigation which was of great 
importance in itself and still more important in that it may 
almost be said to have given direction to nearly all the subsequent 





} course of Stas. In 1838 Dumas had expressed the conviction that 
the atomic weight of carbon then accepted was in error. The 
amount of the error he then supposed might be about six parts in 
one thousand. The reason for this opinion was the fact that, in 

| the ultimate analysis of hydrocarbons rich in carbon, the sum of 

the amounts of carbon and hydrogen computed from the results of 
the analysis was greater than the weight of substance taken for 
analysis. For instance, in three series of analyses of naphthalene, 

Dumas found an excess of seven parts in one thousand, and Liebig 

made a similar observation. Berzelius had first computed the 

atomic weight of carbon from the density of carbon dioxide as de- 
termined by Biot and Arago; from which resulted the number 

73.33 (O=100.) He saw reason to doubt the accuracy of this dens- 

ity, and so Dulong and Berzelius re-determined the density in 

Berthollet’s laboratory at Arcueil, with the apparatus which had 

been used by Biot and Arago. From the result of these experi- 

ments he computed the atomic weight of carbon as 76.43 (O=100), 
and this number was generally accepted with the confidence which 


$a. <= 
— 


Berzelius’ great skill and accuracy in analysis had inspired in the 
minds of all chemists. 

After Dumas’ expression of doubt in 1838, Berzelius examined 
the subject again, determining the atomic weight of carbon, by anal- 
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ysis of lead carbonate and lead oxalate, and found no reason to sup- 
pose that his previous determination was in error. Much interest 
was of course felt in a matter of so much practical importance. 
Dumasand Stas therefore made many determinations of the atomic 
weight of carbon, by the most direct possible method, involving 
the atomic weight of no other element, and involving no assump- 
tion of the exactness of the laws of Boyle and Charles. Some 
notice of their result was read before the Academy in August, 1840, 
and the complete memoir was read in December and was published 
in the first number of the first volume of the new series of the 
Annales. They made three series of determinations, in which 
natural graphite, artificial graphite, and diamond, were successively 
burned inacurrentof oxygen. he oxygen was purified from carbon 
dioxide by being kept over milk of lime and by passing over potas- 
sium hydroxide, and dried by passing over sulphuric acid. The 
graphite or diamond was placed in a platinum boat in a porcelain 
tube ; and the water formed, if any, and the carbon dioxide, were 
absorbed in the usual way, after proving that, in both cases, the 
absorption was complete. No graphite, and no diamond of the quality 
used for experiment, failed to leavelan incombustible residue, the 
amount of which was determined in each case. ‘The mean error ofa 
determination was one part in twelve hundred, and the mean of 
all the results was 74.97 (O=100). They considered the determina- 
tion made by the combustion of diamond to be the most trust- 
worthy, and assigned the number 75.02 as the result of their experi- 
ment. It may be said that twodeterminations by other chemists 
have been made since and have given precisely the latter number : 
and also that Stas himself later attempted a determination of 
the atomic weight of carbon by burning carbon monoxide to carbon 
dioxide, and found that the number is between 12.00 and 12.01 
(O=16). This later investigation seems not to have been published 
except in a too brief abstract. 

Dumes an‘! Stas planned a determination of the composition of 
water, and Stas assisted in the preliminary experiments ; at this 
time he was appointed professor of chemistry in L’Ecole Militaire 


at Brussels, and the scientific partnership was dissolved. After 
this time by far the most important work of Stas related to 
atomic weights and to the constitution of matter. 
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In 1815 an anonymous article was published in Thompson’s 
Annals of Philosophy, which the editor two years later ascribed to 
Dr. William Prout. Its title was, ‘‘ On the Relation between the 
Specific Gravity of Bodies in their Gaseous State, and the Weights 
of their Atoms.” Its doctrine was that all atomic weights are 
multiples of the atomic weight of hydrogen, and it was suggested 
that all the other elements are compounds. Now, Dumas and 
Stas had found the atomic weight of carbon to be 12.00. Dumas 
found the atomic weight of oxygen to be 16. Dumas and Bous- 
singault satisfied themselves, during their analysis of air, that the 
atomic weight of nitrogen is very nearly 14, and Dumas computed 
from his analysis of Iceland spar that the atomic weight of cal- 
cium was precisely 40. Berzelius had judged that the splendid 
series of determinations of atomic weights which science owed to 
his skill had disproved Prout’s hypothesis : but Dumas and Stas 
had now shown that Berzelius’ determinations of the atomic 
weights of oxygen and of carbon were in error by one-sixtieth and 
one-fiftieth respectively. So Dumas wrote, “I have said, and | 
repeat, that all the atomic weights need careful revision ; that, 
neither accepting nor rejecting the hypothesis of Dr. Prout, Iam 
forced to grant that it agrees with my own experiment, and that 
therefore there is here a promising opportunity for research, 
where one might have thought that further determinations were 
needless.” A similar opinion may be fairly ascribed to Stas, who 
wrote, in 1860, that when he began his work in atomic weights he 
felt an almost absolute confidence in the truth of the hypothesis 
of Prout. Dumas added that he was too much occupied with 
other matters to labor in the new field suggested, and hoped that 
others would enter upon it; his hope was well justified by the 
career of his able pupil. 

The time when Stas began his work cannot be exactly stated 
with the memoranda at hand at the present writing, but some 
important determinations were made as early as 1843. All the 
work accomplished up to 1860 was published at once. In 1842 
and 1843 Marignac had enriched science with his masterly deter- 
minations of the atomic weights of chlorine, bromine, iodine, 
nitrogen, potassium and silver, and in 1857 Dumas _ published 
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determinations of the atomic weights of no less than twenty-six 
elements. ‘‘ Marignac,”’ says Stas, ‘‘ stoutly declared that, con- 
sidering the extreme difficulty of arriving by experiment at abso- 
lutely accurate results, the atomic weights which he had found for 
silver, potassium, bromine, iodine and nitrogen should not be 
considered contrary to Prout’s hypothesis.” Dumas expressed 
himself even more strongly in favor of the hypothesis. It was to 
this problem, so interesting in itself, and enlisting at the time so 
much attention from so great masters in science, that Stas devoted 
all his leisure for many years. On this subject he published a 
paper of 128 pages in the Bulletin of the Academie des Sciences, 
1860; a paper of 311 quarto pages in Memoires de I’ Academic 
Royale * * * de Belgique, 1865; a paper of 165 pages in the 
Annales de Chimie et de Physique, 1872 and 1873; and a paper 
of 103 quarto pages in the same Memoires, read in 1876 and 
printed in 1881. The third of these papers may be regarded as 
preliminary to the fourth and contains no determination of atomic 
weights. ‘The greatest part of the work of Stas up to 1880 is con- 
tained in these admirable papers. In them he has not given any 
details excepting those necessary to enable a reader to judge of the 
value of his experiments and of the confidence which might 
properly be felt in them. Such details are given in the most clear 
and lucid manner. 

He used four balances. One was made by Gambey, and carried 
one kilogramme in each pan, and turned, with this load, with an 
excess of five-tenths of a milligramme. <A second was made by 
Sacré, could carry five kilogrammes, turning then with one milli- 
gramme; when loaded with two or three kilogrammes in each 
pan it turned with three-tenths or four-tenths of «a milligramme. 
A third carried five hundred grammes in each pan, then turning 
with two-tenths of a milligramme. <A fourth carried twenty-five 
grammes in each pan, and then turned with one-thirtieth of a 
milligramme. Stas says, ‘£1 do not believe there exists another 
set of balances which for sensibility and constancy are to be com- 
pared with these. Every chemist who has had occasion to exam- 
ine them has come to the same conclusion.” 

Stas used every refinement as to accuracy of weights and 


methods of weighing, but these need not be described. | His study 
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of vessels suitable for use in his determination was most accurate 
and thorough. As a result of much painstaking, he was able to 
heat flasks for a whole day to such a degree that the glass became 
milky and white without in the least altering their weight. He 
proved that below 300° to 350° C. neither hydrochloric acid nor 
nitric acid had any appreciable action on the glass used by him. 
Berzelius had doubted the inalterability of glass and porcelain 
employed in analysis, and his doubts were pronounced by Stas to 
be well founded. No one will ever know the amount of labor 
involved in removing this source of error. 

The reagents used in determinations had to be prepared in a 
state of such purity that they would not alter the weight or com- 
position of the bodies formed or decomposed. Stas describes 
minutely the pains taken to secure and prove the purity of his 
reagents. He found that all ordinary water distilled twice, using 
« platinum condenser for the second distillation, contains organic 
matter, volatile at first, but afterwards becoming non-volatile. 
Such water leaves a residue of carbon on evaporation. At first he 
obtained pure water by slowly passing steam over hot copper 
oxide. In after years he devised a process with permanganate 
which was much more rapid, and gave equally pure water. So 
his method for obtaining hydrochloric, nitric and sulphuric acids, 
ammonium chloride and sodium carbonate were models of patient 
care to eliminate every source of systematic error. 

In the first paper there are contained 112 determinations of 
ratios giving atomic weights. ‘These are in twelve series: nine of 
these series contain silver in one term of the ratio. The amount 
of care taken to secure pure silver has never been equalled in any 
chemical investigation whatever, and does not at present seem 
likely ever to be much surpassed. Ie left nothing undone which 
it was possible to conceive as being of advantage. He used every 
method ever suggested; he found that ail methods capable of 
being used on a sufficiently large scale failed to give pure silver 
except as these methods were modified by himself. He found how 
to get silver chloride free from copper and iron, but when it was 
reduced by Gay Lussac’s method the metal contained silicon. 
Several facts led him to believe that silver acts upon. silicon, 
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especially in presence of carbon. By fusing silver chloride with 
sodium carbonate and potassium nitrate with many precautions 
and fusing the metals again with nitrate and borax he obtained a 
pure metal. Stas prepared many kilogrammes in this way. He pre- 
pared three kilogrammes of pure silver by reducing an alkaline 
silver solution with lactose and fusing the reduced metal with 
nitre and borax. This gave a silver always having the same 
properties, and having the same properties as pure silver prepared 
in other ways. 

In order to know whether the silver prepared in those ways was 
pure, pure silver was prepared by other processes. Silver was 
deposited by electrolysis upon a porcelain plate and fused with 
nitre and borax. Silver was reduced from the nitrate by phos- 
phorus: the action is very slow: it is the reaction by which Stas 
obtained the first pure silver he ever possessed. Silver was also 
prepared by heating the pure acetate and subsequent fusion with 
nitre and borax; but it was not so pure as the preceding. 

A simple plan for discovering the purity of silver consisted in 
heating the metal in air to a temperature sufficient to volatilize 
it. The pure metal then shows no scum and no colored vapor. 
But if it contains two-fnillionths of iron, copper, or silicon, it 
becomes covered with a very strong, mobile scum when so heated. 
Silicon with a trace of copper gives a colored flame. 

The purity of silver was originally tested by converting from 
100 to 200 grammes into the nitrate, fusing, and dissolving in 
water, when ferric oxide and silica were left. The objection to 
sacrificing so much of the hardly obtained pure metal led to the 
use of the wet assay of Gay Lussac. 

The silver before being used was cast in moulds lined with pipe 
clay and then the surface was cleaned by an elaborate process. 
Smaller lumps were obtained by cutting and then removing iron 
by a proper solvent. Sheets were obtained by rolling pure silver 
between silver plates; since otherwise silver, which before was 
pure, became contaminated with iron which could not be removed. 
Stas for a long time thought silver so obtained was pure, but when 
using 400 grammes of silver for a synthesis of the nitrate, he 
found it still contained one part in fifty thousand of silica. In 


after years he found a better process. 
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With silver of this purity, Stas made seven syntheses of silver 
; chloride by four different methods. With unsurpassed insight he 
detected sources of minute constant error and found that some 
promising methods are open to grave doubts unless confirmed 
by other methods. ‘The difference between the maximum and 
minimum of these seven results was one part in sixteen thousand. 
With a sagacity justified by subsequent determinations, he judged 

that a number a little larger than the maximum was the truth. 
Next are detailed eight syntheses of silver nitrate, made on such 
quantities as two hundred, three hundred, and even four hundred 
grammes; and five syntheses of silver sulphide, on quantities but 
little smaller. Then came the details of a piece of work of al- 
most unparalleled accuracy: twenty-four determinations of the 
ratio between silver and potassium chloride of which the mean 
error is one part in 48,000; ten of the ratio of silver to sodium 
chloride, with a mean error of one part in 61,000; ten of the 
ratio of silver to ammonium chloride, with a mean error of one 
part in 14,600; and ten of the ratio of silver nitrate to potassium 
chloride, with a mean error of one part in 1,000; shortly after are 
ten determinations of the ratio of lead to lead nitrate with a mean 
error of one part in 30,000. Determinations of a single ratio have 
been made by other chemists with even a smaller mean error ; as 
for instance, in Crooke’s work on thallium; but it is safe to say 
that so accurate and so numerous determinations of so many 
ratios, by processes so varied for each ratio, will long remain an 
unequalled achievement of indomitable courage and patience com- 
bined with the highest scientific attainments and the clearest 
insight. Of these experiments Stas says, ‘‘In order to make the 
results control each other, I have repeated the determinations so 
great a number of times that I much doubt whether there exists 
in the annals of chemical science an example of a greater endeavor 
to discover the truth. [ have devoted a whole year to [one part 

of] these experiments which appear so simple.” + 

The work of 1860 contained some twenty other determinations 
which there is not space to mention in detail, and ends with a clear 
summary of the facts obtained by experiment, and of the conclu- 
sions as to the validity of Prout’s hypothesis which they justify. 
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His opinion is stated in these words; ‘‘I therefore conclude by 
saying, so long as our recourse must be made to experiment to 
establish the laws which govern matter, we must consider Prout’s 
hypothesis as a pure illusion, and must regard the undecomposed 
bodies of our globe as distinct entities having no simple relations 
of weight among themselves.” 

Stas was his own most rigorous critic ; but some other triticism 
was not wanting. Marignac made some comments on the work of 
Stas which were important in their results. He argued, from the 
fact that the difference was so small between his own results and 
the results of work in which infinitely more minute precautions 
were taken, that, if some one in the future should greatly surpass 
even Stas in the precautions taken against error, the atomic 
weights then determined would not agree sensibly better with 
Prout’s hypothesis. But he did not therefore abandon the hy- 
pothesis as ill-founded. He suggested that just as sulphuric acid 
contains an excess of water when it is in its most stable condition, 
so the compounds analyzed, or prepared by synthesis, in the ex- 
periments of Stas, might contain an excess of one of the ele- 
ments, slight indeed, but perceptible in such delicate experi- 
ments. For instance, perhaps silver sulphide or silver nitrate may 
contain an excess of sulphur or of nitrogen and oxygen. 

This led Stas to undertake his second great work on atomic 
weights. He attempted first to supply the proof that s¢able bodies 
have rigorously the same composition ; and this by two methods. 
He prepared ammonium chloride under varying conditions of 
temperature and pressure, from ammonia derived from the most 
different sources, and proved that its composition is constant. He 
also proved that silver chloride is of constant composition, not- 
withstanding difference of temperature in its preparation. For 
use in some of his experiments, he prepared silver by reducing the 
chloride with potassum hydroxide and lactose ; in others, he re- 
duced an ammoniacal solution of silver with ammonium sulphite. 
The purity of the metal was proved by distillation in a lime retort 
with the oxy-hydrogen blowpipe, and the pure silver thus obtained 
was used as a standard with which all other silver was compared 


by titration. 
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Then he showed that the ratio of silver to chlorine, bromine, and 
iodine, is the same in the halides and the oxy-salts of these ele- 
ments. Great difficulties were surmounted in this investigation. 
The preparation of the pure compounds of silver needed was ex- 
ceedingly laborious ; but this was not unexpected. But one dif- 
ficulty was such that even Stas would not have had the courage to 
go on in the face of it, except that he did not know of it before- 
hand. He found, after his experiments were made, that the 
solution of sulphur dioxide used in these experiments is altered by 
the action of light. While the fresh solution acting in darkness 
simply reduces the oxy-salts to halides, the solution exposed to 
light not only reduces, but also forms sulphur compounds of silver. 
Chance, he says, served him wonderfully well ; his luck was better 
than his lookout. It happened that he always used either a cur- 
rent of gaseous sulphur dioxide, or a solution prepared in darkness 
and used at once before the change could take place. These most 
laborious determinations seem to have consumed over two years ; 
they proved that the proportion of silver to the halogen is the same 
in the halide and the oxy-salt. From the two series of investiga- 
tion he coneludes that when compounds are formed in normal con- 
ditions, they contain their elements in rigorously constant ratio. 

Next Stas attacked again the question whether the atomic weight 
of silver is the same, whether it be determined by means of 
chlorine, of bromine, or of iodine ; and whether these four atomic 
weights agree with Prout’s hypothesis. In this research, he prac- 
ticed what he called a complete synthesis, or complete analysis. That 
is to say, in a synthesis of the two bodies A and B, he weighed A, 
weighed B, and weighed the resulting compound AB. In an analy- 
sis of ABC, he weighed ABC, and weighed each of the products 
AB and ©, into which it was decomposed. In this way he could 
exactly estimate the limits of error of the experiment. The labor 
was immense. He wrote : ‘* The manipulations which I have briefly 
described were so long, so laborious, and so painful, that now, after 
a year, the rememberance of the fatigue they cost me is still vivid ; 
and courage to undertake them again would fail me. ‘There does 
not exist in the annals of science, an analysis made upon an 
equal amount of a salt so difficult to obtain pure.” 
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Unexam pled pains were taken in preparing pure iodine and pure 
bromine by different processes. Sometimes iodine was prepared by 
precipitating it from a saturated solution of potassium iodide. 
Sometimes iodine was converted into nitrogen iodide, and this was 
decomposed and iodine set free. Stas used to produce five hundred 
grammes of nitrogen iodide at one operation ; he prepared several 
kilogrammes of it without the slightest accident. Iodine prepared 
in either of these ways was distilled with barium oxide. A weighed 
quantity of the pure iodine was made to act upon a weighed quantity 
of pure silver and the resulting iodide was weighed. This was 
done in some cases by transforming the silver first into the sul- 
phate, in others, by transforming the iodide into ammonium iodide. 
Eight determinations were made, with a mean error of about one 
part in 20,000. 

Bromine was prepared by distilling with sulphuric acid a mix- 
ture of bromide and bromate of potassium, or of barium. <A 
weighed quantity of bromine was combined with a weighed 
quantity of silver, and the resulting bromide was weighed ; five de- 
terminations being completed. 

Silver iodate, bromate and chlorate, were prepared with all im- 
aginary care to obtain pure salts. The iodate was decomposed by 
heating, the oxygen was collected in a tube filled with heated cop- 
per, and weighed, and a little water from which it was impossible 
to free the iodate was also collected and weighed. Such was the 
stupendous care and skill with which these manipulations were 
conducted, that the sum of the products agreed with the weight 
of the iodate taken within one part in 60,000. 

When Stas attempted to decompose the bromate in the same 
way, for eight hours the evolution of oxygen was regular, but 
then, without obvious cause, one part of the mass became incan- 
descent, a rapid evolution of oxygen began, and the apparatus ex- 
ploded with much violence. Some other way must therefore be 
used for this analysis, and the hope of collecting and weighing 
the oxygen was abandoned. In this part of the work, seven 


analyses were made. 
Stas next determined the atomic weights of nitrogen, chlorine, 
bromine, silver, potassium, lithium and sodium, by processes dif- 
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ferent from those which he had used before, in order to subject 
his former results to a rigorous control. He prepared the chlorides 
of sodium, potassium and lithium, with the most scrupulous care, 
by every available method, and then transformed a weighed quantity 
of one of these chlorides into the corresponding nitrate. He had 
to make a laborious study in order to find a mixture for making a 
glass which would resist the action of nitric acid in the necessary 
evaporations. In preparing the potassium chloride needed in these 
investigations, Stas prepared platinum-potassium chloride in large 
quantity. Hoping to determine the atomic weight of platinum, 
he took his usual care to prepare pure platinum, but in this hope 
he was disappointed, for it was impossible completely to dry the 
double chloride, and the immense care spent in the purification of 
the platinum was entirely lost. This part of the work contains 
thirty-four determinations. 

Stas had thus submitted Prout’s hypothesis to the test of experi- 
ment even more rigorous than that of his earlier work. He had 
himself become the chemist hoped for by Marignac, who, with 
‘“new improvements in the method of purifying bodies and in the 
methods of experiment, should undertake again the same series of 
experiments with yet greater guarantees of accuracy.” The agree- 
ment of. the later results with the earlier is nothing less than as- 
tonishing ; and if it were not for subsequent work of Stas, one 
would say the limit of human accuracy had been here attained. 
But more was to come. 

In 1872 and 1874, Stas published some 150 pages on the proper- 
ties of the different modifications of silver chloride and silver 
bromide. One object was to study the means of determining with 
the greatest possible accuracy the relation between silver and either 
of these halogens by the method of Gay Lussac, and then to use 
the perfected method for a re-determination of some atomic weights 
These re-determinations were submitted to the Academie Royale 
in 1876 and published in 1881. The long labor spent in studying 
facts which at first seemed anomalous had made him so familiar 
with the method that what was once an almost insurmountable 
difficulty had become easy, and errors had become measurable. 
Some of the titrations by his perfected method occupied six per- 
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sons for nine hours in determining the point where silver and 
chlorine were equivalent in the solution used in experiment ; the 
mean error of these experiments was one part in 400,000, notwith- 
standing the fact that the halide was prepared by different methods. 
Twenty-four experiments are contained in this series. it also con- 
tained an explanation of the way to obtain pure hydrobromic 
acid,with the object of replacing chlorine by bromine in thé wet as- 
say of silver, since it is easy to determine the point where silver 
and bromine are equivalent in a liquid, for silver bromide is less 
soluble than silver chloride. 

At the close of this tremendous series of labors, Stas appealed 
again to chemists to repeat some one of his determinations. ‘ If,” 
he said, ‘* such investigation should confirm my own persevering 
investigations, perhaps those who believe in the existence of one 
primary form of matter will tell us how they coneeive that the 
products of aggregation of this primary matter afford masses hav- 
ing to each other incommensurable ratios. Until this explana- 
tion is given, the hypothesis of the existence of one primary form 
of matter cannot take any place in science, because it cannot be 
considered as possibly true.’ He had proven, if human labor can 
ever prove anything,.that the atomic weights which he studied are 
not in the ratio of whole numbers. 

But he was to continue his inquiry into the ultimate nature of 
matter by a very different method. The account of these labors 
has been presented to the Belgian Academy ; but, so far as known 
to the writer, it is not yet published, so that our knowledge of 
them is rather general. 

In 1878 Lockyer published some facts, which appeared to him 
to show that several of the supposed elements are compounds 
capable of dissociation by heat. The facts related to the spectra 
of these elements at different temperatures. Lockyer argued that 
the facts fairly led us to suppose, that, as a compound gives a 
spectrum at a low temperature, but at a high temperature breaks 
up into its elements and gives their spectra, so elements them- 
selves, at still higher temperatures, break up into simpler forms 
of matter, giving spectra different from those of the elements sup- 
posed to undergo the decomposition. Sucha theory could not 
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fail to interest Stas, and he set himself to find whether the ob- 
served appearances would be seen with bodies purified as he had 
learned to purify. It took eleven years, we are told, to prepare 
substances which Stas would call pure. [He obtained potassium 
chloride which he called perfectly pure; especially was it ab- 
solutely free from sodium. He experimented on silver, sodium, 
potassium, lithium, calcium, strontium, barium, thallium. He 
found that at the highest temperatures at which he worked, even 
at the melting point of iridium, the lines of the spectra of these 
elements remained the same, and these elements were not disso- 
ciated or decomposed. ‘This work, costing so immense an amount 
of labor, may well be considered the crowning work of Stas. 

Stas wasa member for Belgium of the International Committee 
of Weights and Measures; and some of the most difficult labors of 
the committee fell to him. For instance, he took an active part 
in the analyses and investigations which led to the selection of the 
alloy of ninety parts of platinum and ten parts of iridium used for 
the standard weights and measures. The results of this labor are 
contained in the Procés-Verbaux du Comité. In the analyses of 
the alloy used in order to determine whether its composition was 
that intended, the duplicate analyses by Stas agreed with the same 
accuracy as his determinations of atomic weight. 

Stas performed many services for his country and for his fellow 
citizens which were of more immediate and direct advantage. On 
the occasion of a murder by poisoning, he developed the method 
of separating and detecting the poisonous alkaloids, which, with 
some modifications by Otto, is a standard method. He performed 
important services for the Ordnance Department of the Belgian 
Government. He studied the methods of saponification of fats 
and perfected the method which is now in use. 

The work of Stas was not such as to bring him any popular 
recognition at all commensurate with the very great merit and 
importance of his work. But of the kind of recognition which 
was no doubt more acceptable to him he had abundance. For 
instance Clarke, speaking of the work of Stas, uses the phrase 
‘*maguificent accuracy.” Meyer and Seubert speak of the ‘‘un- 
surpassed precautions, painstaking care and admirable skill” of 
the work of Stas. 
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All who have had occasion to look into the matter would agree 
with the writer that even stronger expressions of admiration would 
have been appropriate. The opinion of competent judges was 
also expressed in the bestowal of academic honors; he was 
President of the Royal Belgian Academy of Science; Foreign Mem- 
ber of the Royal Society of London ; Corresponding Member of the 
Academy of Science at Paris ; he received the Davy Medal of the 
Royal Society in 1885. President Huxley, in presenting the 
medal, said : *‘ The indefatigable and conscientious care which M. 
Stas has devoted to the re-determining of a certain number of the 
most important atomic weights, and the marvelous skill with 
which he has overcome the various difficulties which successively 
presented themselves, render his memoir on the subject one of the 
most remarkable and valuable of chemical monographs.”’ He was 
an honorary member of the German Chemical Society, and of the 
American Chemical Society; he was a Grand Officer of the Belgian 
Order of Leopold, of the French Legion of Honor, and Knight of 
many other orders throughout Europe. 

More than twenty-five years of his life Stas was professor of 
chemistry in the Military School at Brussels ; the salary was small. 
An affection of the larynx made it necessary for him to resign, 
and this before the thirty years of service which would have 
entitled him to a pension. He afterwards had a post in connection 
with the mint at Brussels, but he soon resigned the post rather 
than countenance a decision which he knew to be contrary to 
public interests. 

Stas was elected a member of the Royal Belgian Academy of 
Science in 1841. In 1891 the completion of fifty years of con- 
nection with the Academy was celebrated by a brilliant manifesta- 
tion. The three classes of the Academy met in joint  ses- 
sion. The President of the Academy and the Director of the 
Class of Science made addresses. Spring pronounced an oration 
on the life and work of Stas. A medal was struck and presented 
to him ; the city of his birth sent its mayor with an address of 
congratulation ; the many learned societies of which Stas was a 
member sent felicitations ; three universities sent him the diploma 
of Doctor, Honoris Causd. A memorial of this manifestation was 
printed in ninety-eight pages. 
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The place of Stas on the roll of scientific men will doubtless 
long continue to be unique. The gift of so many admirable quali- 
ties, in so high a degree, and in such well ordered balance, can 
recur but seldom. Many may possess patience as unwearied and 
wonderful. Many may be as resolute in endurance of hard labor ; 
though to not many ‘is given to work without interruption for 
sixty consecutive hours in circumstances of extreme physical dis- 
comfort without some fatal oversight or momentary failure of at- 
tention. Many may attain a love of the truth as conscientious, as 
simple minded, and a forgetfulness of self-interest as entire. 
Many may as thoroughly grasp the whole amount of knowledge 
related to a given research so far acquired by men. Some may 
possess as sound a judgment ; many, as clear and true a penetra- 
tion into the nature and causes of phenomena ; many, as acute in- 
sight into sources of error ; some, a manipulative skill as unerring. 
But patience so wise and resolute, combined with so high a love 
for the truth and so entire forgetfulness of personal relations to 
the truth, combined also with such insight and acuteness, assisted 
by skill so unerring, and balanced and rounded out by so much 
soundness of judgment, will not quickly be seen again. Not soon 
can so much work, of such unsurpassed accuracy, be accomplished 
by one of the human race in its present stage of attainment. So 
his name will long stand in a position in many respects unique ; 
always will it be remembered, by those who are interested in 
pushing our knowledge of the ultimate nature of matter to the 
utmost range of possibility, with admiration and with enthusiastic 
gratitude. As was said on the medal struck in honor of his 
jubilee, 


Servatus Stas et usque in memoria stabis. 


Epwarp W. Morey. 





THE IMMEDIATE WORK IN CHEMICAL SCIENCE.* 


By ALBERT B. PREscoTT. 


A division of science has a work of its own to do, a work that 
well might be done for its own sake, and still more must be done 
in payment of what is due to the other divisions. Each section of 
our Association has its just task, and fidelity to this isan obligation 
to all the sections. Those engaged in any labor of science owe a 
debt to the world at large, and can be called to give an account of 
what they are doing,.and what they have to do, that the truth 
may be shown on all sides. 

If it be in my power to make the annual address of this meeting 
of any service at all to you who hear it—in your loyalty to the 
Association—I would bring before you some account of the work 
that is wanted in the science of chemistry. Of what the chemists 
have done in the past the arts of industry speak more plainly than 
the words of any address. Of what chemists may do in the future 
it would be quite in vain that I should venture to predict. But of 
the nature of the work that is waiting in the chemical world at the 
present time I desire to say what I can, and I desire to speak in 
the interests of science in general. ‘The interests of science, I am 
well assured, cannot be held indifferent to the interests of tie 
public at large. 

It is not a small task, to find out how the matter of the universe 
is made. The task is hard, not because of the great quantity in 
which matter exists, nor by reason of the multiplicity of the kinds 
and compounds of matter, but rather from the obscurity under 
which the actual composition of matter is hiddenfrom man. The 
physicists reach a conclusion that matter isan array of molecules— 





*An address by the retiring President of the American Association for 
the Advancement of Science at the Rochester meeting of the Association, 
August 17, 1892. Reprinted from the Proceedings of the American Asso- 
ciation for the Advancement of Science. Vol. XLI., 1892. 
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little things, not so large as a millionth of a millimeter in size— 
and the formation of these they leave to the work of the chemists. 
The smallest objects dealt with in science, their most distinct 
activities become known only by the widest exercise of inductive 
reason. 

The realm of chemical action, the world within the molecules of 
matter, the abode of the chemical atoms, is indeed a new world and 
but little known. ‘The speculative atoms of the ancients, mere 
mechanical divisions, prefiguring the molecules of modern science, 
yet gave no sign of the chemical atoms of this century, nor any 
account of what happens in a chemical change. A new field of 
knowledge was opened in 1774 by the discovery of oxygen, and 
entered upon in 1804 by the publication of Dalton, a region more 
remote and more difficult of access than was the unknown conti- 
nent toward which Christopher Columbus set his sails three 
centuries earlier. ‘The world within molecules has been open for 
only a hundred years. Thesixteenth century was not long enough 
for an exploration of the continent of America, and the nineteenth 
has not been long enough for the undertaking of the chemists. 
When four centuries of search shall have been made in the world 
of chemical formation, then science should be ready to meet a 
congress of nations, to rejoice with the chemist upon the issue of 
his task. ; 

It is well known that chemical labor. has not been barren of 
returns. ‘The products of chemical action, numbering thousands 
of thousands, have been sifted and measured and weighed. If 
you ask what happens in a common chemical change you can 
obtain direct answers. When coal burns in the air, how much 
oxygen is used up, can be stated with a degree of exactness true to 
the first decimal of mass, perhaps to the second, yet questionable 
in the third. How much carbonic acid is made can be told in 
weight and volume with approaching exactness. How much heat 
this chemical action is worth, how much light, how much electro- 
motive force, what train-load of cars it can carry, how long it can 
make certain wheels go round,—for these questions chemists and 
physicists are ready. With how many metals carbonic acid will 
unite, how many ethers it can make into carbonates, into what 
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classes of molecules a certain larger fragment of carbonic acid can 
be formed ; the incomplete records of these things already run 
through a great many volumes. These carboxylic bodies are open 
to productive studies, stimulated by various sorts of inquiry and 
demands of life. Such have been the gatherings of research. They 
have been slowly drawn into order, more slowly interpreted in 
meaning. The advance has been constant, deliberate, sometimes 
in doubt, always persisting and gradually gaining firmer ground. 
So chemistry has reached the period of definition. Its guiding theory 
has come to be realized. 

‘‘The atomic theory” has more and more plainly appeared to be 
the central and vital truth of chemical science. Asa working 
hypothesis it has directed abstruse research through difficult ways 
to openaccomplishment in vivid reality. As asystem of knowledge, 
it has more than kept pace with the rate of invention. Asa 
philosophy, it is in touch with profound truth in physics, in the 
mineral kingdom, and in the functions of living bodies. Asa lan- 
guage it has been a necessity of man dealing with chemical 
events. Something might have been done no doubt, without it, 
had it been possible to keep it out of the chemical mind. But 
witha knowledge of.the primary elements of matter, as held at the 
beginning of this century, some theory of chemical atoms was inev- 
itable. And whatever theory might have been adapted, its use in 
investigation would have drawn it with a certainty into the essen- 
tial features of the theory now established. It states the consti- 
tution of matter in terms that stand for things as they are made, 
The mathematician may choose the ratio of numerical notation, 
whether the ratio of ten or some other, But the chemist must 
find existing ratios of atomic and molecular mass, with such degree 
of exactness as he can attain. Chemical notation, the index of the 
atomic system is imperfect, as science is incomplete. However 
defective, it is the resultant of a multitude of facts. The atomic 
theory has come to be more than facile language, more than lucid 


classification, more than working hypothesis, it is the definition of 


the known truth in the existence of matter. 
The chemical atom is known, however, for what it does, rather 
than for what it is. It is known as acenter of action, a factor of 
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influence, an agent of power. It is identified by its responses, 
and measured by its energies. Concealed as it is, each atom has 
given proof of itsown part in the structure of a molecule. Proofs 
of position, not in space but inaction, as related to other atoms, 
have been obtained by a multitude cf workers with the greatest 
advantage. The arrangement of the atoms in space, however, is 
another and later question, not involved in the general studies of 
structure. But even this question has arisen upon its own chemi- 
cal evidences, for certain bodies, so that ‘‘ the configuration” of the 
molecule has become an object of active research. 

Known for what it does, the atom is not clearly known for what 
itis. Chemists, at any rate, are concerned mainly with what can 
be made out of atoms, not with what atoms can be made of. What- 
ever they are, and by whatever force of motion it is that they unite 
with each other, we define them by their effects. ‘Through their 
effects they are classified in the rank and file of the periodic system. 
The physicists, however, do not stop short of the philosophical 
study of the atom itself. As a vibratory body its movements have 
been under mathematical calculations ; as a vortex ring its pulsa- 
tions have been assumed to agree with its combining power. As 
an operating magnet its interaction with other like magnets has 
been predicated as the method of valence. There are, as I am di- 
rectly assured, physicists of penetration and prudence now looking 
with confidence to studies of the magnetic relations of atoms to 
each other*. Moreover, another company of workers, the chemists — 
of geometric isomerism, assume a configuration of the atoms, in 
accord with that of the molecule. 

The stimulating truth of the atomic constitution of the molecule; 
a great truth in elastic touch with all science, excites numerous 
hypotheses, which, however profitable they may be, are to be stout- 
lv held at a distance from the truth itself. Such are the hypothe- 
ses of molecule aggregation into crystals and other mineral forms. 
Such are the biological theories of molecules polymerizing into cells, 
and of vitality as a chemical property of the molecule. Such are 

* «The results of molecular physies point unmistakably to the atom as 
a magnet, in its chemical activities."—A. E. Dolbear, in a personal com- 


munication, 
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the questions of the nature of atoms, and the genesis of the ele- 
ments as they are now known, questions on the border of meta- 
physics. Let all these be held distinct from the primary law of the 
atomic constitution of simple molecules in gaseous bodies, an es- 
sential principle inan exact science. ‘The chemist should have the 
comfortable assurance, every day, as he plies his balance of pre- 
cision, that the atom-made molecules are there, in their several ra- 
tios of quantity, however many unsettled questions may lie around 
about them. Knowledge of molecular structure makes chemistry 
a science, nourishing to the reason, giving dominion over matter 
for beneficence to life. 

Every chemical pursuit receives strength from every advance in 
the knowledge of the molecule. And to this knowledge, none the 
less, every chemical pursuit contributes. The analysis of a min- 
eral, whether done for economic ends or not, may furnish a distinct 
contribution toward atomic valence. The further examination of 
steel in the cables of a suspension bridge is liable to lead to unex- 
pected evidence upon polymeric unions. Rothamsted farm, where 
ten years is not a long time for the holding of an experiment, yields 
to us a classic history of.the behavior of nitrogen, a history from 
which we correct our theories. The analysis of butter for its sub- 
stitutes has done something to set us right upon the structure of 
the glycerides. Clinical inspection of the functions of the living 
body fain finds a record of molecular transformations too difficult 
for the laboratory. ‘The efforts of pharmaceutical manufacture 
stimulate new orders of chemical combination. The revision of 
the pharmacopeia every ten years points out a humiliating num- 
ber of scattered errors in the published constants on which science 
depends. ‘The duty of the engineer, in his scrutiny of the quality 
of lubricating oils, brings a more critical inquiry into the laws of 
molecular movement. There is not time to mention the many pro- 
fessions and pursuits of men who contribute toward the principles of 
chemistry and hold a share therein. If it be the part of pure 
science to find the law of action in nature, it is the part of applied 
science both to contribute facts and to put theory to the larger 
proof. In the words of one who has placed industry in the great- 
est of its debts to philosophic research, W. H. Perkins, ‘‘ There is 


























THE IMMEDIATE WORK IN CHEMICAL SCIENCE. 195 


no chasm between pure and applied science, they do not even 
stand side by side, but are linked together.” So in all branches 
of chemistry, whether it be termed applied or not, the best work- 
ers are the most strongly bound as one, in their dependence 
upon what is known of the structure of the molecule. 

Studies of structure were never before so inviting. In this 
direction and in that special opportunities appear. Moreover the 
actual worker here and there breaks into unexpected paths of 
promise. Certainly the sugar group is presenting to the chemist 
an open way from simple alcohols on through to the cell substances 
of the vegetable world. And nothing anywhere could be more 
suggestive than the extremely simple unions of nitrogen lately dis- 
covered. They are likely to elucidate linkings of this element in 
great classes of carbon compounds, all significant in general chem- 
istry. Then certain comparative studies have new attractions. 
As halogens have been upon trial side by side with each other, so 
for instance, silicon must be put through its paces with carbon, 
and phosphorus with nitrogen. Presently, also, the limits of 
molecular mass, in polymers and in unions with water, are to be 
nearer approached from the chemical side, as well as from the side 
of physics, in that attractive but perplexing border ground between 
affinity and the states of aggregation. 

Such is the extent and such the diversity of chemical labor at 
present that every man must put limits to the range of his study. 
The members of a society or section of chemistry, coming together 
to hear each other’s researches, are better able, for the most part, 
to listen for instruction than for criticism. Still less prepared for 
hasty judgment are those who do not come together in societies at 
all. Even men of eminent learning must omit large parts of the 
subject, if it be permitted to speak of chemistry as a single sub- 
ject. These considerations admonish us to be liberal. When 
metallurgical chemistry cultivates skepticism as to the work upon 
atomic closed chains, it is a culture not the most liberal, When a 
devotee of organic synthesis puts a low value upon analytic work, 
he takes a very narrow view of chemical studies. When the 
chemist who is in educational service disparages investigations 
done in industrial service, he exercises a pitiful brevity of wisdom. 
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The pride of pure science is justified in this, that its truth is 
for the nurture of man. And the ambition of industrial art is 
honored in this, its skill gives strength to man. It is the obliga- 
tion of science to bring the resources of the earth, its vegetation 
and its animal life, into the full service of man, making the 
knowledge of creation a rich portion of his inheritance; in mind 
and estate, in reason and in conduct, for life present and life to 
come. ‘To know creation is to be taught of God. 

I have spoken of the century of beginning chemical labor, and 
have referred to the divisions and specialties of chemical study. 
What can I say of the means of uniting the earlier and later years 
of the past, as well as the separated pursuits of the present, in one 
mobile working force? Societies of science are among these means, 
and it becomes us to magnify their office. For them, however, 
all that we can do is worth more than all we can say. And there 
are other means, even more effective than associations. Most nec- 
essary of all the means of unification in science is the use of its 
literature. 

It is by published communication that the worker is enabled to 
begin, not where the first investigation began, but where the last 
one left off. The enthusiast who lacks the patience to consult 
books, presuming to start anew all by himself in science, has need 
to get on faster than Antoine L. Lavoisier did when he began, 
an associate of the French Academy in 1768. Tle of immortal 
memory, after fifteen eventful years of momentous labor, reached 
only such a combustion of hydrogen as makes a very simple class 
experiment at present. But, however, carly in chemical discovery, 
Lavoisier availed himself of contemporaries. They found oxygen, 
he learned oxidation ; one great man was not enough, in 1774, both 
to reveal this element and show what part it takes in the forma- 
tion of matter. The honor of Lavoisier is by no means the less 
that he used the results of others, it might have been the more had 
he given their results a more explicit mention. Men of the larg- 
est original power make the most of the results of other men. 
Discoverers do not neglect previous achievement, however it may 
appear in biography. The masters of science are under the limi- 


tations of theirage. Had Joseph Priestly lived in the seventeenth 
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century he had not discovered oxygen. Had August Kekulé 


‘worked in the period of Berzelius, some other man would have set 


forth the closed chain of carbon combination, and Kekulé, we may 
be sure, would have done something else to clarify chemistry. 
Such being the limitations of the masters, what contributions can 
be expected in this age from a worker who is without the literature 
of his subject ? 

In many a town some solitary thinker is toiling intensely over 
some self-imposed problem, devoting to it such sincerity and 
strength as should be of real service, while still he obtains no rec- 
ognition. Working without books, unaware of memoirs on the 
theme he loves, he tries the task of many with the strength of one. 
Such as he sometimes send communications to this association. 
An earnest worker, his utter isolation is quite enough to convert 
him into a crank. . To every solitary investigator I should de- 
sire to say, get toa library of your subject, learn how to use its 
literature, and possess yourself of what there is on the theme of 
your choice, or else determine to give it up altogether. You may 
get on very well without college laboratories, you can survive it 
if unable to reach the meetings of men of learning, you can do 
without the counsel of an authority, but you can hardly be a con- 
tributor in science except you gain the use of its literature. 

First in importance to the investigator are the original memoirs 
of previous investigators. The chemical determinations of the 
century have been reported by their authors in the periodicals. The 
serials of the years, the continuousliving repositories of all chem- 
istry, at once the oldest and the latest of its publications, these must 
b¢ accessible to the worker who would add to this science. A library 
for research is voluminous, and portions of it are said to be scarce, 
nevertheless it ought to be largely supplied. The laboratory itself 
is not more important than the library of science. In the public 
libraries of our cities, in all colleges now being established, the 
original literature of science ought to be planted. It is a whole- 
some literature, at once a stimulant and a corrective of that im- 
pulse to discovery that is frequent among the people of this coun- 
try. hata good deal of it is in foreign languages is hardly a 
<dlisadvantage ; there ought to be some exercise for the modern 
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tongues that even the public high schools are teaching. That the 
sets of standard journals are getting out of print is a somewhat ~ 
infirm objection. They have no right to be out of print in these 
days when they give us twenty pages of blanket newspaper at 
breakfast, and offer us Scott’s novels in full for less than the cost 
of a days entertainment. As for the limited editions of*the old 
sets, until reproduced by new types, they may be muliplied through 
photographic methods. When there isa due demand for the origi- 
nal literature of chemistry, a demand in accord with the prospec- 
tive need for its use, the supply will come, let us believe, more 
nearly within the means of those who require it than it now does. 

What I have said of the literature of one science can be said, in 
the main, of the literature of the other sciences. And other things 
ought to be said, of what is wanted to make the literature of 
science more accessible to consulting readers. A great deal of in- 
dexing is wanted. Systematic bibliography, both of previous and of 
current literature, would add a third to the productive power of a 
large number of workers. It would promote common acquaintance 
with the original communications of research, and a general de- 
mand for the serial sets.- Topical bibliographies are of great ser- 
vice. In this regard I desire to ask attention to the annual re- 
ports of the committee on Indexing Chemical Literature, in this 
association for nine years past, as well to recent systematic under- 
takings in geology, and like movements in zoology and other 
sciences. Also to the Index Medicus, asa continuous bibliography 
of current professional literature. 

Societies and institutions of science may well act as patrons to 
the bibliography of research, the importance of which has beén 
recognized by the fathers of this Association. In 1855, Joseph 
Henry, then a past president of this body, memorialized the Brit- 
ish Association for codperation in bibliography, offering that aid 
of the Smithonian Institution which has so often been afforded to 
publications of special service. The British Association appointed 
a committee, who reported in 1857, after which the undertaking 
was proposed to the Royal Society. The Royal Society made an 
appeal to her Majesty’s government, and obtained the necessary 


stipend. Such was the inception of the Royal Society Catalogue 
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of scientific papers of this century, in eight quarto volumes, as 
issued in 1867 and 1877. Seriously curtailed from the generous 
plan of the committee who proposed it, limited to the single fea- 
ture of an appendix of authors, it is nevertheless of great help in 
literary search. Before any list of papers, however, we must place 
a list of the serials that contain them, as registered by an active 
member of this Association, an instance of industry and critical 
judgment. I refer to the well-known catalogue of scientific and 
technical periodicals, of about five thousand numbers, in publica- 
tion from 1665 to 1882, together with the catalogue of chemical 
periodicals by the same author.* 

Allied to the much needed service in bibliography, is the service 
in compilation of the Constants of Nature. In the preface of his 
dictionary of solubilities. in 1856, Professor Storer said “ that 
chemical science itself might gain many advantages if all known 
facts regarding solubility were gathered from their widely scattered 
originai sources into one special comprehensive work.” That the 
time of the philosophical study of solution was near at hand has 
been verified by recent extended monographs on this subject. In 
like manner Thomas Carnelley in England, and early and repeatedly 
our own Professor Clarke in the United States,+ bringing multitudes 
of scattered results into codrdination, have augmented the powers 
of chemical service. 

What bibliography does for research, the Handworterbuch does 
for education, and for technology. It makes science wieldy to the 
student, the teacher, and the artisan. The chief dictionaries of 


* Bolton’s Catalogue of Scientific and Technical Periodicals (1885: 
Smithsonian) omits the serials of the societies, as these are the subjeot of 
Seudder’s Catalogue of Scientific Serials (1879: Harvard Univ.). On the 
contrary Bolton’s Catalogue of Chemical Periodicals (1885: N. Y. Acad. 
Sci.) includes the publications of societies as well as other serials. Chem- 
ical technology is also represented in the last named work. 

+ The service of compilation of this character is again indicated by this 
extract from Clarke’s introduction to the first edition of his ‘‘ Constants ”’ 
(1873): ‘* While engaged upon the study of some interesting points in 
theoretical chemistry, the compiler of the following tables had occasion 
to make frequent reference to the then existing lists of specific gravities. 
None of these, however, were complete enough. on 
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science, those of encyclopedic scope, ought to be provided gener- 
ally in public libraries, as well as in the libraries of all high schools. * 
The science classes in preparatory schools should make an acquaint- 
ance with scientific literature in thisform. If scholars be assigned 
exercises Which compel reference reading, they will gain a begin- 
ning of that accomplishment too often neglected, even iti college, 
how to use books. 

The library is a necessity of the laboratory. Indeed, there is 
much in common between what is called the laboratory method, 
and what might be called the library method, in college training. 
The educational laboratory was instituted by chemistry, first tak- 
ing form under Liebig at Giessen only about fifty years ago. Ex- 
perimental study has been adopted in one subject after another, 
until now the ‘laboratory method ” is advocated in language and 
literature, in philosophy and law. It is to be hoped that chem- 
istry will not fall behind in the later applications of ‘‘ the new edu- 
sation ” in which she took so early a part. 

The advancement of chemical science is not confined to discov- 
ery, nor to education, nor to economic use. All of those interests 
it should embrace. To disparage one of them is injurious to the 
others. Indeed they ought to have equal support. It would be 
idle to inquire into their respective advantages. This much, how- 
ever, is evident enough, chemical work is extensive and there is 
immediate want of it. 

Various other branches of science are held back by the delay of 
chemistry. Many of the material resources of the world wait upon 
its progress. In the century just before us the demands upon the 
chemist are to be much greater than they have been. All the 
interests of life are calling for better chemical information. Men 
are wanting the truth. ‘lhe biologist on the one hand, and the 
geologist on the other, are shaming us with interrogatories that 
ought to be answered. Philosophy lingers for the results of 
molecular inquiry. Moreover the people areasking direct questions 
‘ + The statistics of school libraries in the United States are very meagre, 
the expenditures for them being included with that for apparatus. For 
libraries and apparatus of all common schools, both primary and secondary, 
the annual expenditure is set at $987,048, which is about seven-tenths of 
one per cent of the total expenditure for these schools. 
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about the food they are to eat, or not to eat, asking more ina day 
than the analyst is able to answer in a month. ‘The nutritive 
sources of bodily power are not safe, in the midst of the reckless 
activity of commerce, unless a chemical safeguard be kept, a guard 
who must the better prepare himself for his duty. 

Now if the people at large can but gain a more true estimation 
of the bearing of chemical knowledge, and of the extent of the 
chemical undertaking, they will more liberally supply the sinews 
of thorough-going toil. It must be more widely understood that 
achievements of science, such as have already multiplied the hands 
of industry, do not come by chances of invention, nor by surprises 
of genius. It must be learned of these things that they come by 
breadth of study, by patience in experiment, and by the slow 
accumulations of numberless workers. And it must be made to 
appear that the downright labor of science actually depends upon 
means of daily subsistence. It must be brought home to men of 
affairs, that laboratories of seclusion with delicate apparatus, that 
libraries, such as bring all workers together in effect, that these 
really cost something in the same dollars by which the products of 
industrial science are measured. Statistics of chemical industry 
are often used to give point to the claims of science. For instance, 
it can be said that this country, not making enough chemical wood 
pulp, has paid over a million dollars a year for its importation. 
That Great Britain pays twelve million dollars a year for artificial 
fertilizers, from without. That-coal tar is no longer counted a 
by-product, having risen in its value toa par with coal gas. But 
these instances, as striking as numerous others, still tend to divert 
attention from the more general service of chemistry as it should 
be known in all the economies of civilization. 

It is not for me to say what supplies are wanted for the work of 
chemists... These wants are stated, in quite definite terms, by a 
sufficient number of those who can speak for themselves. But if 
my voice could reach those who hold the supplies, I would plead 
a most considerate hearing of all chemical requisitions, and that a 
strong and generous policy may in all cases prevail in their behalf. 

If any event of the year is able to compel the attention of the 
world to the interests of research, it must be the notable close of 
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that life of fifty years of enlarged chemical labor, announced from 
Berlin a few months ago. When thirty years of age, August 
Wilhelm von Hofmann, a native of Giessen and a pupil of Liebig, 
was called to work in London. ‘Taking hold of the organic 
derivatives of ammonia, and presently adopting the new discoveries 
of Wurtz, he began those masterly contributions that appear to 
have been so many distinct steps toward a chemistry of nitrogen, 
such as industry and agriculture and medicine have thriven upon. 
In 1850 he opened a memoir in the philosophical transactions with 
these words, ‘‘ the light now begins to dawn upon the chaos of 
collected facts.” Since that time the coal tar industry has risen 
and matured, medicine has learned to measure the treatment of 
disease, and agriculture to estimate the fertility of the earth. It 
seems impossible that so late as March of the present year he was 
still sending his payers to the journals. If we could say something 
of what he has done, we could say nothing of what he has caused 
others todo. And yet, let it be heard in these United States, 
without such a generous policy of expenditure for science as gave 
to Dr. Hofmann his training in Giessen, or brought him to London 
in 1848, or built for him laboratories in Bonn and Berlin, without 
such provision by the State, the fruits of his service would have 
been lost to the world. Aye, and for want of a like broad and 
prudent provision for research with higher education in this 
country, other men of great love for science and great power of 
investigation every year fail of their rightful career for the service 
of mankind. 

For the prosecution of research, in the larger questions now 
before us, no training within the limitations of human life can be 
too broad or too deep. No provision of revenue, so far as of real 
use to science, can be too liberal. ‘The truest investigation is the 
most prudent expenditure that can be made. 

In respect to the support that is wanted for work in science, I 
have reason for speaking in confidence. If I go beyond the subject 
with which I began, I do not go beyond the warrant of the 
Association. ‘This body has lately defined what its members may 
say by creating a committee to receive endowments for the support 


of research. 
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There are men and women who have been so far rewarded that 
great means of progress are in their hands, to be vigorously hela 
for the best advantage. Strength is required to use large means, 
as well as to accumulate them. It is inevitable to wealth that it 
shall be put to some.sort of use, for without investment it dies. 
By scattered investment wealth loses personal force. ‘The American 
Association, in the conservative interests of learning, proposes 
certain effective investments in science. If it be not given to every 
plodding worker to be a promoter of discovery, such, at all events, 
is the privilege of wealth under the authority of this Association. 
If it be not the good fortune of every investigator to reach 
knowledge that is new, there are, every year, in every section of 
this body, workers of whom it is clear that they would reach some 
discovery of merit if only the means of work could be granted 
them. Whosoever supplies the means fairly deserves and will 
receive a. share in the results. It is quite with justice that the 
name of Elizabeth Thompson, the first of the patrons, has been 
associated with some twenty-one modest determinations of merit 
recognized by this Association. 

‘*T’o procure for the iabors of scientific men increased facilities ” 
is one of the constitutional objects of this body. It is time for 
effectiveness towards this object. ‘The Association has established 
its character for sound judgment, for good working organization, 
and for representative public interest. It has earned its responsi- 
bilitv as the American trustee of undertakings in science. 

“To give a stronger . . . impulse . . . to scientific 
research ” is another declaration of what we ought to do. ‘To this 
end larger endowments are necessary. And it will be strange if 
some clear-seeing man or woman does not put ten thousand dollars, 
or some multiple of it, into the charge of this body for some 
searching experimental inquiry now waiting for the material aid. 
The committee upon endowment is ready for consultation upon 


all required details. 

“To give . . . more systematic direction to scientific 
research ” is likewise stated as one of our objects. To this intent 
the organization of sections affords opportunities not surpassed. 
The discussions upon scientific papers give -rise to a concord of 
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competent opinions as to the direction of immediate work. And 
arrangements providing in advance for the discussion of vital 
questions, as formally moved at the last meeting, will, in one way 
or another, point out to suitable persons such lines of labor as will 
indeed give systematic direction to research. 

In conclusion I may mention another, the most happy ‘of the 
duties of the American Association. It is to give the hand of 
hospitable fellowship to the several societies who year by year 
gather with us upon the same ground. Comrades in labor and 
in refreshment, their efforts reinforce us, their faces brighten our 
way. May they join us more and more in the companionship 
that sweetens the severity of art. A meeting of good workers 
is a remembrance of pleasure, giving its zest to the aims of 


the year. 
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SOME NEW NICKEL MINERALS. 
By Dr. StrePHEN H. EMMENS. 


I have, of late, had occasion to examine numerous samples of 
ores from the recently developed mining region known as the 
Sudbury District in the Province of Ontario, Canada, and in the 
course of such examination I have met with three nickeliferous 
minerals that appear to be distinct from any species hitherto 
described. 

FOLGERITE. 

This is found in the Worthington mine, on the Algoma Branch 
of the Canadian Pacific Railroad, about 30 miles southwest of Sud- 
bury. The mineral deposit here opened up is of a character 
similar to that usually observed in the mines of the district; that 
is to say, it consists of a mixture of pyrrhotite and chalcopyrite, 
forming ore masses of approximately lenticular form and of vary- 
ing magnitude, imbedded in a greenstone dyke traversing the 
Huronian rocks that constitute the chief geological features of the 
region. 

The pyrrhotite is in itself nickeliferous to a greater or less de- 
gree in every mine of the district, but at the Worthington mine 
it is found to be associated with a distinct sulphide (Folgerite) 
carrying a very high percentage of nickel. ‘This sulphide is 
spoken of by the local miners and newspapers as being mi/lerile, 
but it differs widely from that species. Its chief characteristics 
are as follows: 

Lustre.—Metallic. 

Color.—Light bronze-yellow in mass, but almost tin-white when 
broken up into fine grains. 

Specific Gravity.—No determination of the pure mineral has 
been made, but a fragment associated with adhering pyrrhotite 
showed a sp. gr. of 4.73. 


Hardness.—3.5. 


Streak.—Grayish black. 
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Form.—Massive, with a platy structure. No crystals have as 
yet been observed. 

Fracture, Irregular.—When comminuted the large fragments 
preserve a platy form while the smaller particles are finely granu- 
lar. Very brittle. 

Heat Reaction —When the powdered mineral is heated ina 
closed tube no sublimate is produced. 

Solubility. —The mineral dissolves in nitric acid with separation 
of sulphur and a green solution. 

Magnetism.—-In large fragments the mineral is non-magnetic. 
In minute grains it is magnetic. ‘lhe finely triturated powder is 
non-magnetic. 

Microscopic Appearances—Under both lens and microscope the 
powdered mineral appears in the form of shining white grains of 
irregular form, very distinct from the shining spicules of a light 
brass-yellow color which constitute the powder of true millerite. 

Chemical Analysis.—The specimens analysed were magnetically 
separated from the accompanying pyrrhotite and gave the follow- 


ing results: 





° A B C 
TC es 35.20 31345 29.78 
TCU pd aa 33.70 31.01 26.89 
ee 31.10 Bi. D4 ns 
100.00 100.00 100.00 


Specimen A consisted of platy fragments, each one of which was 
tested separately with the magnet. Specimens B and C were 
separated in the form of a coarse powder from the accompanying 
pyrrhotite, and probably still contained some adhering particles 
of that mineral. In the cases of B and C the analysis was con- 
ducted by first roasting the mineral and then fusing with potas- 
sium bisulphate, followed by solution, peroxidation, precipitation 
of the iron and electrolytic separation of the nickel, all with the 
usual precautions. In the case of A the raw mineral was dissolved 
in aqua regit. The sulphur was estimated by difference ; and a 
check determination (by fusion of the raw mineral with sodium 
carbonate and nitrate and final precipitation as barium sulphate) 
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for sulphur only, in a fourth sample, gave 34 per cent. It may 
also be mentioned that specimen A came from the Worthington 
mine, and that B and C were sent to me with the statement that 
they came from a deposit at the northeast extremity of the Worth- 
ington greenstone dyke. This deposit is distant about 15 miles 
from the Worthington mine and has recently been explored by the 
Emmens Metal Company; but when Mr. C. ‘I’. Mixer, the chemist 
of that company, paid a visit of inspection to the workings, the 
person in charge who had sent me the specimens in question 
could not point out the place whence he had taken them and 
could not show any further occurrence of the mineral ix sifu. It 
is probable, therefore, that A, B and C all came from the Worth- 
ington mine. 

The formula corresponding with the above mentioned analyses 
is Ni Fe 8,, which corresponds to 


Nogoker ...0.. 2.2 Nv S Pee eee ee oe 32.8% 
BEOTGS «ocala 31.30 


PONE oc cinnnnnnd qe peeeuencaxe sbaaneneneus 35.83 


100.00 


This composition is between Ni S (Millerite) and Ni Fe, 8, 
(Pentlandite). It is also distinct from that of the ‘‘ ferriferous 
polydymite ” found at the Vermilion mine, a little to the north- 
east of the Emmens Company’s working, and described by Clarke 
& Catlett (American Journal of Science, 1889, p. 372), as contain- 
ing 43.18 per cent of nickel, 15.47 per cent. of iron and 41.35 per 
cent. of sulphur, and as approximating, therefore, to the formula 
Ni, FeS,. 

I: have named this mineral Folgerite after Commodore W. M. 
Folger, the Chief of the Bureau of Ordnance in the U. 8. Navy 
Department, in recognition of that distinguished officer’s achieve- 
ments in the utilization of nickel steel. 

BLU EITE. 


This mineral has for some time past puzzled the Sudbury 
miners, who have locally dubbed it ‘‘ Jack’s Tin.” It is found in 
several mines of that district and notably at the working of the 





































Emmens Metal Company, where it is found associated with nicco- 
lite, gersdorffite, pyrrhotite and chalcopyrite in the outcrop of a 
quartz vein cutting the before mentioned greenstone dyke. 
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The following are the characteristics of the mineral: \ 

Luster.—Metallic, somewhat silky. 

Color.—Pale olive-gray, inclining to bronze. 

Specific Gravity. —4.2. 

Hardness.—3 to 3.5. 

Streak.—Black. 

Form, Massive.—No crystals have as yet been observed. 

Fracture.—Sub-conchoidal, irregular. Brittle. i 

Heat Reaction.—When the powdered mineral is heated in @ : 
closed tube a sublimate of sulphur is produced. 

Solubility.—The mineral dissolves readily in nitric acid without 
separation of sulphur and yields a yellow solution. 

Magnetism.—The mineral is non-magnetic. 

Microscopic Appearance.—Under the lens the powdered min- / 
eral appears to be composed of irregular grains of a dull gray 
color. Under the microscope the color appears a dull grayish 
black and the particles are seen to be finely granular without any 
crystalline form. 

Chemical analysis : 


Pik .....45-~. ee Ae eR ee ee 3.5 
BNA e iy 22) ds mic ke Scie otsts act raya eee ey nee ates 38.8 
Guipenr (by difference) .......-2..--26-.2.0005 52.3 


PCs OCS 2 Ee i eee reed Be DE ee ig OD eee 5.4 


100.00 


| 
After deduction of the insoluble matter (gangue) the figures 
for the mineral become } 
ME nto buku ek ne gt Sap Pacbei manatee naiee eesti 3.70 
No hic ga hinca tk aes wii aed wate eta 41.01 
NI iio ic a acon toe wpa Ae ames 55.29 
100.00 
The sulphur is probably too high, as, owing to the character of 
the gangue, a portion of this latter may have entered into solution. 
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The formula Fe,, NiS,, (= (Fe, Ni) 8, where Fe: Ni = 12:1) 
corresponds with the foregoing analysis, the figures of such 


formula being : 


TUG GON. 622i bo a ee ete eae 3.76 
BVO 6 6 oe Sono hee eee S35. SES 
IE ok anid dectinynceeeneeneniee mae ee 53.28 

100.00 


The considerable percentage of nickel (a very rare element in 
pyrite) and the easy solubility in nitric acid without separation of 
sulphur seem to preclude this mineral from being considered 
merely as a nickeliferous variety of pyrite or marcasite. I have 
named it Blueite, after Mr. Archibald Blue, late Secretary of the 
Royal Commission appointed to investigate the Mineral Resources 
of Ontario, and now Director of the Bureau of Mines of that 
Province. 

WHARTONITE, 

This mineral was brought to me by Mr. C. T. Mixer froma 
mine situated about seven miles northeast of Sudbury and about 
two miles from the Blezard mine, worked by the Dominion Min- 
eral Company. It has been known locally as the Shepherd mine, 
and is of a character similar to the general mines of the district. 

The following are the characteristics of the mineral : 

Lustre.— Metallic. 

Color.—Bronze-yellow. 

Streak.—Black. 

Form.—Cellular ; the cavities being lined with minute cubic 
crystals, and the intermediate substance being finely granular. 
This structure precludes the specific gravity and hardness from 
being determined with precision. A large piece showed a sp. gr. 
of 3.73 and a hardness of 4. 

Fracture, Irregular.—Brittle. 

Heat Reactions.—A sublimate of sulphur ina closed tube and 


fumes of SO, in an open tube. A sulphur flame is observed on 
I 


1eating a fragment held in forceps. 
Solubility.—The minéral is soluble in H NO, with separation of 
sulphur and a greenish yellow solution. 
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Magnetism.—On comminution about 10 per cent. of the mineral 
is found to be magnetic. 

Microscopic Appearance. 
powdered mineral is seen to consist of grayish black grains of 
irregular form and finely granular structure, with occasional mi- 


Under both lens and microscope the 





nute cubic crystals. 
Chemical analysis : 


Nickel... .- Pe tN SE. Pr A Ao in ER 5.40 
TER RE Oe SRD ee Se eect eR ed ee are eee 4?.90 
I diane oe be Coan nw abieetadt eaters 45.00 
| SSS Sea Oe EE Rn PSR ee Ree eee Payee 4,80 

98.10 


After deduction of the gangue these figures give : 


USE: 1s [out SE aa eae ae eae reales Aa eres ee ey erg ray SUE 5.79 
PEE Tee ene ee cleat Ra MEIN RON a eS ine ne pe Geen Ae ee 45.98 
RN So piss Seis cnewi nc ees Aken eo es RaCraS 48.23 

ie 100.00 


Separate determinations of iron and sulphur were made in the 
magnetic and non-magnetic constituents respectively with the 
following results : 


Mag. _ Non-Mag. 
i . ~66.55 40.4 | . 
is nara ( plus a little gangue. 
Sulphur--.----- 7.00 52.6 § ; 


and a qualitative examination showed that the nickel was clearly 
with the non-magnetic portion. 

The inference deducible from these observations is that the 
mineral is a mixture of a nickel-iron-disulphide with some mag- 
netite; and taking the proportion of this latter as being 10 per 
cent. we have for the composition of the other constituent : 


Nickel ---- Sap Sap SGN Tan gh ne RC en Reha Oe ee ean 6.27 
MLAs SIE an echt ela art Wek ae a Oe Re ge 41.44 
OE nba bunds chepesccscaeseanaee see 52.29 

100.00 
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This corresponds to the formula Fe, NiS,, or (Fe. Ni) Sg, in 


which Fe : Ni 7:1, and of which the figures are : 
ITO OD ed ce wre cae See eee ee ee 6.10 
[ron wit ip Ss ba eae ee ee oe 40.68 
Sulpbar ....2-- eee ee ee 


100.00 


It may be that this non-magnetic mineral is in part composed 
of pyrite, in which case the formula will require modification. 
The aggregate, however, is distinguished by its form and nickel- 
iferous character from pyrite and marcasite. 

I have named this mineral Whartonite, after Mr. Joseph Whar- 
ton of Camden, N. J., in recognition of that gentleman’s eminence 
as the head of the nickel industry in America. 


NICKEL AND NICKEL-IRON SULPHIDES IN GENERAL. 


For the purpose of indicating the relations of all the known 
nickel and nickel-iron sulphides to each other, the following table 


may be found useful : 








1 





Percentage constitution. | Molecular constitution. 
NAME 

Ni. Fe. S. NiS. | NiSo.| FeS. | Fe S, 
| Le re a i? Se 35.28]| 1 a ne . 
Polydymite snd ah eae 40,53) 3 l 7 . 
Beyrichite ....-.....-|5%.90).. ..-| 42,10]) 2 1 a = 
Ferriferous Polydymite 44.92 14.26 40.82} 3 = ss ] 
HOl@@rIte. J... uae 32.87) 31.30] 35.83)| 1 = I : 
Pentlandite __-- _-| 22.03) 41.95) 36.02]| 1 ~ 2 _ 
Horbachite.....=..... 11.24/ 42.81! 45.95]} 1 l l ] 
Inverarite ...---..| 10.44) 49.72) 39.84); 1 a 4 ] 
Whartonite __..._---_| 6.10) 40.68] 53.22]) - l 5 i 
IUONG 2... 22-25 3.76) 42.96) 53.28]| _- 1 eg 12 


It remains to be added that the analyses of the new minerals 
herein described were made by Mr. C. T. Mixer, and that specimens 
of Folgerite, Blueite and Whartonite accompany this paper for 


exhibition to the meeting. 
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THE USE OF FLUORIDES IN THE MANUFACTURE 
ALCOHOL. , 


3y Dr. LEo BAEKELAND. 





Dr. Effront’s researches on the antiseptic properties of fluorine 
compounds have lately received important applications in the al- 
cohol industry and a condensed statement upon this subject may 
be of interest not only to alcohol manufacturers but also to the bio- 
logical chemist. 

It isa known fact that for the transformation of starch into 
maltose and dextrine by the action of diastase, the most favorable 
temperature is from 50° to 60° C. At any lower temperature, the 
action of the diastase becomes slower, while a higher temperature 
has a destructive effect upon this soluble ferment which at 80° C. 
completely loses its saccharifying power. 

In laboratory experiments where pure starch and pure diastase 
can be used it is possible to exclude all secondary influences 
from other ferments. In practice however, conditions are far 
different ; the raw materials (malt, grain, corn, potatoes, etc.), 
introduce other ferments which have a very disturbing in- 
fluence. Already during the germination of the grain we notice 
that beside the useful diastase, a certain quantity of organic acid 
is developed. But this is only the beginning of the trouble for 
we see this acidity increasing during all the following operations, 
from the making of the sweet wort to the end of the alcoholic fer- 
mentation. ‘This acidity is due chiefly to the formation of lactic 
and butyric acids which are the result of the activity of well speci- 
fied micro-organisms, the lactic and butyric ferments, the latter 
being more specially known as Clortridium Cutyricum. If a small 
quantity of lactic acid seems to be favorable to a healthy develop- 
ment of yeast cells, a too large quantity of this acid is useless if 
not harmful, and any quantity of butyric acid is decidedly injur- 


ious to the enzymotic action of the diastase as well as to the aleo- 
holiec fermentation. 
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Alcohol manufacturers are very cautious to avoid acidification 
as they know that the yield of alcohol is smaller in proportion to 
the increasing acidity of their wort or mash. 

The ferments which develop these acids are particularly active 
at a temperature from 50° C. to 60° C. This means that just that 
temperature which is most favorable for the diastatic action of the 
malt will also allow the acid ferments to show their harmful action 
and to develop the largest quantity of lactic and butyric acid. At 
a higher temperature however, the action of butyric and lactic fer- 
ments is paralyzed, und this is the reason why in making sweet 
wort a temperature is selected whereby the development of acidity 
is retarded and by which the diastase does not lose too much of its 
power. But this means a loss of malt on accountof the weakening 
of the power of the diastase contained in it. 

‘The injurious action of this higher temperature on the diastase 
is not limited to this ; facts have proven that diastase which has 
been submitted to a high temperature, if only for a moment, has 
been irremediably injured in regard to its future properties ; it 
will not keep its enzymotic action as long as it would if it had 
been kept in healthy conditions. This fact is very important if 
we recollect that the saccharification of the wort is never complete 
and that the diastase is expected to continue its action during the 
whole period of alcoholic fermentation in order to saccharify the last 
quantities of starch left in the wort. Other means have been tried 
in order to combat the butyric and lactic baccilli and the use 
of sulphuric and muriatie acids, sulphites and other antisep- 
tics have been proposed. None of them has proved of great 
advantage ; they all show an injurious effect upon the diastatic 
action of the malt, and the activity of the alcohol ferment. 

Hydrofluoric acid or soluble fluorides on the contrary, when used 
in very small doses prevent the development of butyric and lactic 
acid and are completely harmless to the diastase or to the alcoholic 
ferment. Furthermore, such small quantities of fluoride instead 
of injuring the diastase seem to excite its activity and preserve its 
power for quite a longer period than when used alone. Experiments 
have shown that by addition of a small quantity of fluoride, dias- 
tase could be kept in action during seven days, and at the end of 
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this period 80% of theoriginal quantity of diastase was still active, 
while without the use of fluorides the quantity of active diastase 
is reduced to 12% at the end of the same period. 

No other antiseptics or mineral acids show these preserving 
qualities when added to diastase. Mineral acids,. for instance, 
when used, even in very moderate quantities have killed the whole 
of the diastase after five days. 

A first advantage of the use of small quantities of fluorides is 
thus to save malt, of which less need be brought in operation, still 
giving the same result as larger quantities when used without 
fluorides. This malt will have a more free and more complete ac- 
tion, and this action will be continued for a longer time on account 
of the antiseptic properties of fluorides, development of organic 
acids will be prevented and the wort can be kept nearer between 
50° C. and 60° C., which is the temperature at which diastase is 
most active and where its enzymotic powers are best kept up. 

The addition of fluorides have rendered possible the use of malt 
of very inferior quality with surprising results. 

The same beneficial effect of hydrofluoric acid or its salts is ob- 
served during the alcoholic fermentation which thereby becomes 
more regular and moré complete. 

The fermentation keeps up with about the same intensity during 
the whole period until all the saccharine matter has been converted 
into alcohol. The liquid finally proves to be far less acid than if 
no fluoride is used. ‘he practical result of all this, is a larger 
yield of alcoho] and a better product. If small quantities of fluo- 
ride have a beneficial effect on diastase and alcoholic ferment, the 
contrary result is obtained if larger quantities of fluorine com 
pounds are used. An addition of 25 grammes of commercial hy- 
drofluoric acid (30%) per hectolitre of wort proved very injurious 
to the action of the diastase even at temperatures as low as 30° C. 
At higher temperatures, 55° C. for instance, this injurious effect 
was already produced by 6 or 7 grammes of hydrofluoric acid per 
hectolitre. Very concentrated or very acid worts have proved es- 
pecially sensitive to large quantities of hydrofluoric acid. * 

The same bad effects of an excess of hydrofluoric acid are shown 
in the alcoholic fermentation which in some cases may be entirely 
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stopped by it. Soluble fluorides however, even when used a little 
in excess, are less violent in regard to this. All this shows that if 
we have in fluorides a sure and powerful destroyer of useless fer- 
ments, this agent should be used judiciously as any excess of it 
may prove detrimental to the expected results. 

It would be out of the question to give a general recipe for the 
quantities of hydrofluoric acid or fluorides which should be used, 
this depends on too many conditions such as quality of material, 
temperature of mashing, concentration or acidity of the wort. 
For instance, quantities of fluoride which may be advantageous in 
a wort of average concentration and at a low temperature may 
become injurious in a more concentrated wort, or if kept at a 
higher temperature. 

In every instance where the fluoride process is introduced in a 
distillery, some preliminary testing has to be done in regard to 
this before the best effects are obtained. 

The destructive action of fluorides on butyric baccilliin the mash 
can be easily observed by the aid of the microscope. (See Das 
Flisséure Verfahren in die Spiritusfabrikation. by Prof. Dr. 
Maerker.—Berlin, Verlag von Paul Parey.) 

The chemical effect of fluorides is better demonstrated by the 
following experiment: (See Soxhlet. Zeitschrift des Landwirths- 
Vereins tn Bayern, July, 1890) 1000 grammes of crushed corn 
were boiled with four litres water and the resulting starch heated 
in a digestor(autoclave) at 3 atm. pressure during one hour. The 
resulting liquid was cooled off to 50° C. and then 80 grammes of 
dry malt were added and the saccharification kept on at this tem- 
perature for about 30 minutes. The resulting sweet wort was di- 
vided into two equal portions. To one portion 150 milligrammes 
of ammonium fluoride were added (corresponding to 6 grammes 
per hectolitre) and the other portion was left as it was. Both por- 
tions were kept constantly at 30° C. After two days the wort with- 
out fluoride had considerably thickened and was full of gas bubbles 
while the other portion which contained fluoride remained entirely 


clear and iiquid. 
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A comparative analytical examination of both liquids showed : 


No fluoride. Fluoride. 

Prepress amccharameter ... 2... 0 ses wesc ces 3.30 15.60 

EEE eee en eT a PLS NIE Sr 10.12 116) 

PORN OS oe See (oc eee ee 2.07 : 1.07 
Acidity 

(Moxmalsodasolution: >... ..<.... < ..-.--- <2. s<s2 8.15 3.9 


per 100 c. c. wort) 

In another series of experiments wort was prepared in the same 
way, but after being cooled off to 30° C., 3 grammes of yeast per 
liter wereadded. This mixture was put in several bottles which 
were provided with a hydraulic stopper and which could be kept 
at a temperature of 30° ‘To the contents of some of these bottles 
a previous addition of fluoride had been made in quantities equiv- 
alent to 6 grammes per hettolitre of wort. After three days, fer- 
mentation was complete in all the bottles and the comparative 
analysis showed: 


No fluoride. Fluoride. 
(6 gr. per hectolitre) 
Rh eb cena eaten raha Lo onee 6.4 V2 
Acidity 
I ean wees Wawa onereouee 5.6 4.0 


per 100 c. ¢.) ) 

The proportion of alcohol in the above results is about 12.5¢ 
higher in the sample where fluoride has been used. (See also Ef- 
front. Action des acides mineraux dans la saccharification par |: 
malt et la fermentation des matiéres amylacées.—Moniteur Scien- 
tifique 1890.) (Maerker, Flussdure verfahren, loc. ctt.) 

The specific action of fluorides on the development and activity of 
yeast cells has been the object of other interesting experiments. 
(See Effront. Moniteur Scientifique. November 1891.—Also Maer- 
ker, loc. cit.) An addition of small quantities of fluoride say in 30 
milligrammes per 100 c. c., is favorable to the development or in- 
crease of the number of yeast cells. Larger quantities (70 to 150 
mgs.) decrease the formation of new yeast cells and when as much 
as 250 to 300 mgrms. per 100 c. c. are used, the development of new 
yeast cells is practically interrupted. But even then when such large 
quantities of fluoride are used, the ferment itself is not killed, it 








FLUORIDES IN THE MANUFACTURE OF ALCOHOL. 217 


has merely suspended the reproductive faculties of the yeast cells, 
while their alcohol making action is still existant but with lessened 
activity. Furthermore if such yeast heated previously with rela- 
tively large quantities of fluoride is brought into fresh wort con- 
taining no fluoride it will at once resume its full vital properties, 
new yeast cells will be produced and the alcoholic fermentation 
will be very energetic. 

In some experiments smail quantities of yeast (0.25 to 0.25 grm. 
per 500 ce. c.) were added to sweet wort made with corn and 
left to develop with different quantities of fluoride, and afterwards 
the relative number of yeast cells was determined in each of the 
samples with the following results: 


Acidity Relative number 
(c. c. normal soda). of yeast cells. 
INO HUORING) 2.22.55 5.08) 5 56 ee ee 1.10 331 
0:02 Simms iors 2 esses 0.80 449 
0.07 Ge sae Seiwa 3 OO 381 
0.15 i RC aN Sure ge 0.70 205 


A certain quantity of each of these samples has been added to a 
fresh wort containing no fluoride (500 c. c. of each sample to 1 
kilogr. of wort, 17.4 Sacch.) and after the fermentation was finished 


the quantity of alcohol produced by the sample was 
1 A A 
Alcohol. 


NOMUORING... = =! if nc ao ee ee 2+ 4.14 
OZ hi, ANT UOI 3 6 24 or oer oe ree ee tok 
0.07 are) Bor eee or 8.4 (!) 
OES ee mete ce ah A aati ol ae a ee ea 8.5 (!) 


The above results show clearly that even by starting with a smaller 
number of yeast cells, more alcohol has been produced and this is 
on account of the increased vital powers of these yeast cells after 
they have been under influence of fluoride. 

The specific action of fluorides is not the same on all varieties of 
yeast. Four kinds of yeast have been especially examined in this 
direction. 

Saccharomyces Cerevisice. 

4 Pastorianus I. 
8 Carlsber q. 
“ Bourton. 
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By addition of 100 mgrms. of fluoride to 100 c. c. of liquid the | 
following results have been observed: 


Decrease of development Decrease in production 
of yeast cells by addition of alcohol by addition 
of 100 mgrms. fluoride. of 100 mgrms: fluoride. 
BP EOSWTAONUS = oo Os pce csc 34% 414 
— Bourton....----.- Ja 8 si. ee 14¢ 
CN 66 donee eednewace 25% 13% | 
SC a a a ee 94 4% | 


This shows that S. Pastorianus is most sensitive to an addition 
of 100 mgrms. fluoride, the quantity of alcohol decreases to 414 of 
what can be produced without fluoride. S. Bourton and S. Carls- 
berg are less sensitive but the most resisting of all is S. Cerevisie. 
By addition of 300 mgrms. of fluoride the production of new yeast . 
cells is nearly completely stopped in the four varieties but even 
then S. Cerevisie gives about three times as much alcohol as S. 
Pastorianus (See table.) : 
Number of Name of Fluoride per 100 Number of Alcohol % 

sample. yeast. c. ¢. mgrms, yeast cells, 


per 0) 23 
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The difference in the resisting power of these four varieties of 
yeast to the action of fluorides can be used to separate one from 
another. For instance, if a mixture of equal parts of S. Pastor- 
ianus and S. Bourton (whose cells are easily to be distinguished 
under the microscope) is kept during 72 hours in a wort contain- 
ing 300 mgrms. of fluoride per 100 c. c. and afterwards transferred 
to a wort containing no fluoride where they are allowed to ferment 
during 48 hours, and if these operations are repeated three times, 
it is possible to eliminate entirely all yeast cells of the Pastorianus 
variety. 

It is to be noted as an important fact that yeast can be kept for 
more than six months with an addition of 200 to 300 mgrms. of fluo- 
ride per 100 c. c. Even after this time the yeast cells have proved 
to be in an excellent state of preservation and when brought after- 
wards in a wort without fluoride they developed rapidly and pro- 
duced a splendid fermentation. 

The practical results which have been obtained in distilleries, 
after Effront’s process have fully demonstrated the remarkably 
useful properties of fluorides. In Europe nearly all important distil- 
leries have adopted the processand their reports have been very favor- 
able. In general an increase from 8 to 10% in the yield on alcohol 
has been obtained, and a more steady and more complete fermen- 
tation has been noticed. The production of lactic and butyric 
acid has been reduced toa minimum. ‘The quality of alcohol has 
also improved and this is probably due to the prevention of secon- 
dary fermentations. The odor and taste of such alcohol is very 
similar to that of ordinary alcohol that has been filtered over 
charcoal. 

From the beginning when the fluoride process was introduced 
into distilleries special experiments have been made in order to see 
if the presence of small quantities of these salts in the slops or 
wash did not have unhealthy effect on the cattle using such 
food. Dr. Tappeiner (Zeitschrift des Landwirth’s Vereins in 
Bayern, 1890) has published some interesting laboratory experi- 
ments which show clearly that not the smallest difference has been 
observed in the use of such slops, either in the composition of the 
milk nor the general conditions of the animals fed upon it. 
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Since then practice has entirely confirmed these conclusions. 
The slops produced from distilleries working with fluoride is far 
less acid than usual and is remarkable for its keeping qualities. 
While, usually, slop becomes acid very quickly, it will, on the con- 
trary, keep for weeks without much alteration if fluorides are used. 
Its taste is sweeter, also, and this is probably the reason why in some 
cases where the fluoride process has been introduced, it took the 
cattle a few days before being accustomed to this taste. It should 
be reported however that in one case when the slop was used over 
again in the mashing process the fluorides seemed to accumulate 
in it and therefore it is thought advisable not to use the same slop 
more than twice if it has to be used afterward for feeding purposes. 
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A PECULIAR REACTION OF THE NIAGARA 
RIVER WATER. 


By Dr. Epwarp GUDEMAN. 


The water supply of the City of Buffalo is taken from the Niag- 
ara River. about one mile from its source, Lake Erie. The inlet 
where the water is drawn, is about one-quarter of a mile from the 
shore, and the river at that point has a six to eight mile current. 

The water is generally clear, but after every severe rain storm, 
or from high winds, it becomes turbid and then contains quite an 
amount of suspended matter, which filtration will separate. 

The water contains, per United States gallon, from eleven to 
fifteen grainsof total solids, five to eight grains being organic. The 
inorganic portion consists mainly of calcium carbonate and sulphate. 

From December, 1891, to August, 1892, the water, as taken from 
the mains, gave an absolutely neutral reaction. During August a 
sudden change took place, the water becoming alkaline. ‘The 
umount of alkalinity varies; 100 c. c. of water being sufficient to 
neutralize from 0.05-0.3 c. c. of half normal sulphuric acid. The 
water gives a strong reaction for carbonic acid, and this reaction 
is, without doubt, due to the calcium bicarbonate contained in the 
water. ‘The water loses thisalkaline reaction by filtration through 
animal charcoal. 

The distilled water made from the Niagara River water, gives a 
distinct acid reaction. 

The acid in 100 c. em. of the distilled water will neutralize from 
0.01-0.5 ce. c. of half normal caustic potash solution. 

The water before being distilled was made alkaline with caustic 
soda, sodium carbonate, caustic baryta and barium carbonate ; 
stili the distillate gave the same acid reaction as the original un- 
treated water. The water was made acid with sulphuric acid 
without any effect on the distillate. Potassium permanganate also 
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gave no better results. The water was filtered through animal 
charcoal, then distilled, without any effect on the acidity of the 
distillate. 

The amount of acidity varies constantly, but, so far, has always 
come within the above mentioned limits, the average being about 
0.15 c. c. of half normal potash solution to 100 ¢. ¢. of distilled 
water. 

It makes no difference whether the distillation is carried on in 
copper or glass retorts; whether the heat is applied by means of 
steam coils or bunsen burners. 

The separate portions from the same distillation show no marked 
difference in acidity, the first 100 ¢c. c. of distillate neutralizing 
as much potash solution as last. The water remaining in the re- 
tort gives the same reaction, neutral or alkaline, as the original 
water. This would tend to show that the acid is not contained in the 
water as such, but is a product of decomposition, continuously 
formed during ebullition. 

The distilled water gave no reaction for carbonic acid and leaves 
absolutely no residue on evaporation. It reacts acid to solutions 
of litmus, lakmoid and alkaline phenolphthalein. 

The water can easily be purified from this acid body by boiling off 
about one-fourth of its bulk, when the remainder will be neutral. 
A second distillation, after having made the water alkaline with 
sodium carbonate, also gives a neutral distillate. 

To be absolutely certain that this acid reaction was not due to 
some local contamination, I requested Prof. H. M. Hill, of the 
University of Buffalo, and Dr. J. A. Miller, of the Niagara Univer- 
sity, to test the water as delivered at their respective laboratories, 
the one being about one mile and the other about two miles from 
my laboratory, and all supplied from different water mains. Both 
gentlemen obtained the characteristic acid reaction from their 
distilled waters. 

These tests were begun in December, 1891, and are still being 
“arried on. 


BuFFALO, N. Y., July, 1892. 








NOTE ON THE RECOVERY OF ARSENIC. 
By ALBert B. PREScorT. 


A few years ago I[ gave a report of some results as to the limits 
arsenic being one of 


of recovery in a few chemical separations,* 
the bodies under trial. It was one of the purposes of that report 
to show that there are limits to the extent of recovery in good 
chemical separations. In respect to arsenic, as As,O,, it was found 
that ‘‘ the loss in separating from an avoirdupois pound of tissue 
substances, is, in round terms, about a thousand times the quantity 
needed for identification.” This quantity, the least capable of 
sure identification by every good operator in every trial, was placed 
at 0.0000025 gram (a quarter of a hundredth of a milligram.). 
In the analyses from which these results were drawn, three several 
methods of concentration of the arsenic were used, in comparison 
with each other, but in all of them the final estimation was by 
weight of the elemental arsenic reduced from hydrogen arsenide, 
in the mirror by Marsh’s method. When the arsenic was taken in 
a pure aqueous solution of standard strength, the recovery was 
very close. This method—the Berzelius-Marsh method—has lately 
been very carefully examined by Charles R. Sanger,t and reported 
with «a very full history of this plan of analysis from its earliest 
literature. Having used the mirror method of estimating arsenic 
for a good many years, and directed its quantitative use by students, 
I desired to make a note upon certain features of the operation. 

(1.) In all cases let the further end of the reduction tube be 

* « Control Analyses and Limits of Recovery,” 1885: Proc. Am. Assoc. 
Adv. Sci., 34,109; Chem. News, 58, 78. Citing Holthoeffer and Prescott, 
Contributions Chem. Lab. Univ., Mich., 1883, II., 87. Also, Hubbard, 
Ibid, 1882, I., 12. 

+ ‘* The Quantitative Determination of Arsenic by the Berzelius-Marsh 
Process, especially as applied to the Analyses of Wall Papers and 
Fabrics.” 1891: Am. Chem. Jour., 18, 431. 
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bent vertically downward and carried into solution of silver nitrate, 
through whick the gas is to bubble from the beginning to the end 
of the operation. ‘This gives the best possible security against in- 
complete reduction of the arsenic from the gas at any period of 
its flow. And it gives « convenient indication of the rate of flow 
of the gas. The test of the flame of the escaping gas, for spots 
upon cold porcelain, is necessarily a brief and fitful test, incapable 
of that uninterrupted control required for close results whether 
quantitative or qualitative. The silver solution test is a severe one, 
and a dark stain of the end of the delivery tube after the gas has 
passed for one to two hours is not an indication of waste of arsenic. 
The organic dust of the air upon the surface of the silver solution, 
with the action of the light, is usually sufficient te give a percepti- 
ble silver stain after an hour or two. Special precaution of seclu- 
sion, and of freedom from laboratory vapors, can be taken if neces- 
sary. The test, however, with reasonable interpretation, is an 
effectual one, and, what is necessary in the quantitative operation, 
it excludes hydrogen sulphide, as well as the arsenide, in the gas 
beyond the seat of the mirror. To draw out the reduction tube for 
delivery into the silver sglution, draw a second time, so as to have 
two narrowed portions of considerable length almost continuous 
with each other. Cut the tube at the extremity of the further 
narrowed portion, and then bend at right angles between the two 
narrowed portions. The delivery end will then be so light as hardly 
to need support for itself, but it is well to provide a rest at the 
bend. 

(2.) The reduction tube is heated best through a wrap of copper 
gauze. This should be four to five inches long, wide enough to 
fully enclose the tube, and bound snugly and evenly with a wire 
from the edge of the gauze. The wrap should reach to the nar- 
rowed part if the narrowing be gradual, or to seven or eight milli- 
meters from the narrowed part if that be sudden. In fact, how- 
ever, the wrap should be adjusted after the mirror begins to form, 
so as to place the mirror at the right part of the narrowed tube, 
in proportion to the depth of the mirror. A heavy mirror may 
need to be carried back to the full width of the tube. The wrap 
servesadouble purpose. It equalizesthe temperaturearound the tube 
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and from one end of the heated portion to the other, and this is 
the greater advantage. It is a mechanical support, and this is de- 
sirable for even good hard glass in a two hours’ heating. If the 
reduction tube be as wide as many advise, the wrap should be 
longer. I prefer a reduction tube of not over about six millimeters 
internal diameter, requiring not so high a heat for reduction. Then 
a single bunsen burner with bat-wing top is sufficient for supplying 
the heat. 

I may mention other particulars, admitting of different personal 
preference. For a drying tube I use calcium chloride as surely 
neutral in reaction as though it were in a carbon ‘and hydrogen es- 
timation. I prefer the zinc to be coarsely granulated and previ- 
ously prepared with a very slight charge, a mere trace, of platinum 
deposit. I do not use a generator distinct from the reduction 
flask. ‘The arsenical solution is introduced from a graduated tube 
or a weighed container, through a valved thistle tube dipping into 
the generating liquid, and at the end washed down with water, 
and, from time to time, enough dilute acid is added to keep 
the gas going through the silver solution at an even and not too 
rapid rate. The reduction tube is not heated until the air is well 
out of the apparatus, avoiding water of combustion, and the 
arsenical liquid is introduced from half an hour to an hour and a 
half after the beginning of the operation, according to what is in 
hand. At the end of the operation, the gas is continued through 
the silver solution for as much as a quarter of an hour after flame 
has been removed and the reduction tube become cold. Undoubt- 
edly arsenic is liable to be deposited in some state upon the zinc 
while the reduction is going on rapidly, but that the arsenic is 
continuously carried out in gas until it has been all removed is 
evidenced by the results. 


UNIVERSITY OF MICHIGAN, August, 1892. 











THE ALKALOIDS OF SABADILLA. 





By RIcHARD FISCHER.* 


Although considerable work has been done by different chemists 
and pharmacists on the alkaloids of sabadilla seed (Asagrwa offici- 
nalis), still the results obtained have been so contradictory in 
many respects, that the real character of these alkaloids is as yet 
unknown. With the view of isolating the various alkaloids 
if possible, and to try the effect of different ways of extraction of 
the drug, I entered upon the following work : 

The presence of an alkaloid in sabadilla seed was first dis- 
covered in 1819 by Meissner, and at about the same time, but inde- 
pendently of him, by Pelletier and Caventon. The latter obtained 
the alkaloid in the form of an amorphous base (or rather mixture) 
by boiling the seeds in water acidulated with sulphuric acid and 
precipitating the aqueous extract with ammonia. 

Conerbe, in 1834, isolated from a mixture so obtained three 
distinct substances, of which one was amorphous, but yielded 
a crystallizable sulphate and hydrochlorate. It was readily 
soluble in alcohol or ether, but insoluble in water. ‘To this alka- 
loid Conerbe gave the name veratrine. The second alkaloid, 
called by him sabadilline, was insoluble in ether, but soluble in 
alcohol and water, and erystallizable therefrom. The third was 
also soluble in alcohol and water, insoluble in ether, was amor- 
phous, and formed non-crystalline salts ; it was regarded by him 
as the mono-hydrate of sabadilline. 

In 1855, Merck obtained from commercial veratrine, by evapora- 
tion of a solution in diluted alcohol, a very pure substance which 
he succeeded in crystallizing. This body, to which he applied the 
term veratrine, gave upon analysis numbers leading to the formula 
€,, H;, Nz Og. Its salts, with theexception of the auro-chloride, 
failed to crystallize. 





* Communicated by Albert B. Prescott. 
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Weigelin, in 1871, separated three alkaloids from sabadilla seeds, 
of which the one identical with Merck’s base, he considers as 
capable of existing in two different forms, one soluble and the 
other insoluble in water. The other two alkaloids were obtained 
by shaking with fusel oil, in the aqueous extract from which 
ammonia had precipitated the first base. 

In 1877, Schmidt and Képpen obtained a crystallizable base 
from Asagrva officinalis, for which they gave the formula C,, H,, 
NO,. They agree with Weigelin in his conclusion that veratrine 
can exist in a solubl: and an insoluble variety. 

In 1378, Wright and Luff, in an extensive research published in 
the JOURNAL OF THE CHEMICAL Society for that year, found three 
distinct alkaloids: Firstly, an amorphous base, termed by them 
veratrine, which furnishes a ecrystallizable sulphate and hydro- 
chlorate. Secondly, the crystalline alkaloid previously described 
by Merck, Weigelin and Schmidt and Képpen, but for which they 
propose the term cevadine. They regard its composition as C,, 
H,, NO,. ‘Thirdly, cevadilline, an amorphous base, insoluble in 
ether, but differing in other respects from the alkaloid previously 
described by Weigelin under that name. ‘The method of ex- 
traction of the seeds, as used by these investigators, was, in short, 
as follows: The coarsely powdered seeds were percolated with 
alcohol, acidulated with tartaric acid, the percolate was evaporated 
to a small bulk, the resin precipitated with water and the alka- 
loids finally precipitated with an alkali and shaken out with ether. 

Since then, Bosetti, in 1883, after working on commercial vera- 
trine, concluded that this consists of two isomeric modifications of 
the same alkaloid, C,, H,, NO,. ‘The first of these (Wright 
and Luff’s cevadine) is crystalline, almost insoluble in water, but 
readily soluble in alcohol or ether. For this he retains Merck’s 
name, veratrine. ‘The second modification is soluble in water. 
For this he proposes the name veratridine. 

Later than this, 1 have found hardly any literature on the sub- 
ject. In the work done I have proceeded as follows : 

Two kilos. of the coarsely powdered seeds were macerated for 
two weeks with 95% alcohol, after which they were expressed; the 
residue was then packed in a percolator and extracted with alcohol. 
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The percolate was mixed with the portion expressed and the whole 
divided into two parts, half of which was evaporated on the water 
bath while the rest was allowed to evaporate spontaneously with 
the purpose of seeing whether or not there would be any-differ- 
ence in the yield. 

After concentrating the solution to the consistency of a syrup, 
it was poured into about ten times its volume of acidulated water, 
when a large quantity of resin and oil separated out. The aqueous 
solution was then rendered alkaline with sodium carbonate (which 
I found would precipitate the alkaloid much more readily than 
ammonia) and repeatedly shaken out with ether, the ethereal 
solution being agitated with a dilute solution of sulphuric acid 
and used over again. The acid solution of alkaloids was again pre- 
cipitated with sodium carbonate and re-dissolved in ether, when, 
upon separating and spontaneous evaporation of the ether, a 
resin-like, amber colored mass was left, easily pulverizable, and 
almost white when powdered. This residue seemed identical with 
the mass left upon evaporation of an ethereal solution of Merck’s 
so-called ‘‘ crystalline veratrine.” 

The alkaloidal mixture so obtained was found to be readily 
soluble in ether. alcohol, chloroform, amyl alcohol and methyl 
alcohol, almost insoluble in water, and but slightly soluble in 
petroleum benzine, the part dissolved out in the latter case being 
found to be identical with the residue, as subsequent additions of 
the same quantity of. solvents dissolved out exactly the same 
amounts. It responded to all the tests of the U.S. Ph. for veratrine, 
such as dissolving in hot hydrochloric acid with a blood-red 
color, and giving a strong greenish-yellow fluorescence when 
triturated in a mortar with concentrated sulphuric acid, which 
color soon passes to a reddish-yellow and finally to an intense 
scarlet. 

Upon dissolving a part of the mass in alcohol and allowing it to 
evaporate spontaneously, a portion separated out on the sides of 
the beaker in colorless, transparent masses which under the micro- 
scope were of a decided crystalline structure, though not distinct 
crystals. 

Upon dissolving another portion in ether and adding petroleum 


benzine a precipitate was formed. I therefore added enough 
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petroleum benzine (previously diluted to prevent too great precipi- 
tation) until a very slight cloudiness appeared and allowed the 
mixture to evaporate spontaneously. ‘The residue for a large part 
consisted of small, colorless, transparent, bead-like masses, which, 
when broken up, presented a crystalline appearance, and which | 
considered as quite pure cevadine (Merck's veratrine). They 
responded to the same tests as the mixture and perfectly neutralized 
acids but the salts failed to crystallize. Upon adding auric 
chloride to the hydrochloric acid solution of the alkaloid, a heavy 
yellow precipitate formed, almost insoluble in water but readily 
soluble in alcohol, from which, however, it failed to crystallize. 
The platinic salt similarly produced was much more readily solu- 
ble in water; it, too, failed to crystallize. 

I next tried Merck’s method for the separation of acrystallizable 
alkaloid, namely, that of adding enough water to an alcoholic 
solution of the alkaloidal mixture to cause a slight precipitate, 
then adding alcohol till this just dissolved and evaporating on the 
water bath at 50-60° C. A fine white precipitate soon separated, 
but it was mixed with so much of a resin-like substance as to make 
it impossible to obtain it pure. I therefore tried another watery 
alcoholic solution and allowed it to evaporate spontaneously. Ina 
few days, quite large quantities of a substance separated in the 
form of shining scales, which appeared crystalline under the 
microscope, and which I think is identical with Merck’s veratrine. 

The amount of crystalline alkaloids obtained by all of these 
processes was, however, too small to allow of an elementary 
analysis. 

The resin-like mass left after the separation of the crystalline 
principle could not be obtained pure enough to warrant the belief 
that it really is one alkaloid, as it has been regarded by Wright 
and Luff, who named it veratrine. 

In the hope of obtaining Wright and Luff’s cevadilline, I shook 
out with amyl alcohol the alkaline extract from which ether 
would remove no more alkaloid, and evaporated off. the amyl 
alcohol on the water bath, when a brownish-yeliow mass remained, 
insoluble in ether, but readily soluble in alcohol and slightly, 
so in water. Upon solution in a small quantity of acidulated 
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water, and subsequent addition of an excess of sodium car- 
bonate, quite a heavy white, flocculent precipitate was formed, 
which, after filtering out, was found to be perfectly soluble in a 
large quantity of water, but could be obtained almost puré white 
upon washing with ether, in which it is practically insoluble. It 
was found to be precipitated by the general reagents for alkaloids, 
but the quantity obtained was too small to admit of any further 
researches. Wright and Luff in their investigations obtained the 
brownish residue mentioned above, but did not succeed in obtain- 
ing a white alkaloid. 

The second portion of the alcoholic extract was treated as 
follows: After allowing it to evaporate spontaneously to the con- 
sistence of a syrup, it wasadded to about ten times its volume of 
acidulated water, the aqueous solution was separated from the oil and 
resin, and the alkaloids precipitated by sodium carbonate. They 
were then filtered out, washed on the filter until the filtrate ran 
through colorless, and dried at a gentle heat. The product was a 
perfectly white powder, for the greater part soluble in ether, the 
residue being of a yellow color and appearing to be extractive 
matter that had not been washed out. ‘The soluble portion acted 
exactly like the substance described above. 

To try the effect of extracting the drug with acidulated alcohol, 
two kilos. of the powdered seeds were extracted in exactly the same 
manner as described in the previous process, using, however, 
alcohol containing 0.5% of sulphuric acid as a menstruum. Upon 
evaporating off the alcohol and precipitating the resin with water, 
a great difference in the amount of oil separating out was noticed, 
for while by the former process about 10% was obtained, the yield 
by the latter did not exceed three per cent. 

The alkaloids were now extracted from their aqueous solution, 
az in the previous process, with the exception that the final 
ethereal solution was again shaken out with acidulated water, 
precipitated with sodium carbonate, the precipitate collected and 
washed on a filter and dried at a gentle heat. 

The white alkaloidal powder thus produced, seemed in no way 
to differ from the products of the other methods and by repeating 
the processes of evaporation from various solvents the same 
crystalline residues were formed. 








—a~_ 








—— 


THE ALKALOIDS OF SABADILLA. 231 


The amount of alkaloids obtained was about the same for either 
method, varying from seventeen to twenty grms. per kilo. or almost 
two per cent., which is a much larger yield than I have seen 
reported by any previous investigator, Wright and Luff obtain- 
ing only 0.6%, while Conerbe, Schmidt and Képpen and several 
others obtained one per cent. 

With regard to the term veratrine, different authors use it to 
represent altogether different substances, thereby causing con- 
siderable confusion. Thus, the term is used by the U. 8. Ph. to 
represent the mixture of alkaloids as prepared from sabadilla seed. 
Conerbe, who first investigated the composition of this mixture, 
applied the name veratrine to an amorphous alkaloid; later, 
Merck applied it to his crystalline alkaloid, and this term was 
used quite generally until Wright and Luff named the crystalline 
alkaloid cevadine, and mentioned an amorphous alkaloid under 
the name veratrine, claiming priority on account of Conerbe’s 
researches, The terms cevadine, veratrine and cevadilline as used 
by these latter investigators, have been adopted in both the 
United States and National Dispensatories, Maisch’s Materia 
Medica, Beilstein’s ‘‘ Organische Chemie,” and several other books, 
while Richter’s Organic Chemistry still applies the name veratrine 
to Merck’s base, and mentions cevadine as identical with it. 

‘In conclusion, to summarize my results in this work, I would 
say that for extracting the drug, I regard the use of any acid 
whatsoever in the menstruum as entirely superfluous; and ex- 
traction by percolation to be the most satisfactory, as long macera- 
tion and expression.and subsequent percolation, though perhaps 
just as thorough, takes up much more time with no visible advant- 
ages. The use of heat (the temperature of the water bath) in 
evaporating off the alcohol seems to be without objection, and has 
the advantage that the alcohol can be recovered. 

With regard to the yield of total alkaloids, it seems to me that 
the amount usually stated is too low, for although I did not 
attempt a quantitative estimation, yet the results obtained by 
ordinary procedure warrant me in coming to the above decision. 
Whether this difference is due to a superior quality of drug in my 
case, or toa difference in the method of extraction, Iam unable 
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to state. It appeared to me, however, that the method of extrac- 
tion with ether would be preferable, for by it I obtained a larger 
yield, because in washing the precipitate according to the other 
method considerable goes into solution, Besides this, the product 
obtained in the former case is much purer and the method, for 
that reason alone, deserves preference. 

Concerning the chemical composition of commercial veratrine, I 
accomplished practically nothing on account of lack of time. The 
great difficulty is in obtaining alkaloids pure enough, because all 
but one are amorphous and the presence of even a minute 
quantity of amorphous alkaloid prevents the other from crystalliz- 
ing. The subject is certainly an interesting as well as an import- 
ant one, and would furnish a large field of work for any in- 
vestigator. 
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NOTE ON THE DIRECT OXIDATION OF ORGANIC 
MATTER IN WATER. 


By W. P. Mason anv S. K. Hryz.* 


A great difference of opinion has existed among the authorities 
upon the question of oxidation of organic matter in potable waters. 

For instance: Tidy says ‘‘ I am led to the inevitable conclusion 
that the oxidation of the organic matter in sewage when mixed 
with unpolluted water and allowed a certain flow, proceeds with 
extreme rapidity, and that it is impossible to say how short a dis- 
tance such a mixture need flow, under favorable conditions before 
the sewage matter becomes thoroughly oxidized. It is certain 
to my mind that there isno river in the United Kingdom but what 
is many times longer than is required to effect the destruction of 
the sewage by oxidation.” 

He also says: ‘‘ It was further evident that the last traces of or- 
ganic matter were the most difficult to oxidize.” 

The following is a description of the apparatus which he em- 
ployed in the experiments which led to the conclusion above 
quoted. 

It consisted of a series of 20 troughs, each 10 ft. long and con- 
structed of two pieces of wood joined together at a right angle and 
lined with glass. Each trough was so placed that it had a fall of 
one inch, the water from one trough being discharged into a 
second placed under, but a few inches distant from it. The fall 
of this second trough was in the opposite direction to the first, the 
second trough allowing the water to fall in like manner into a 
third placed under it, the fall of which was in the same direction 
as the first and so on and on. By this arrangement a constant flow 


* The following was presented by Mr. Hine as a graduation thesis for 
the degree of B.S., at the Rensselaer Polytechnic Institute in June, 1892. 
The work is entirely his own, and was undertaken at my suggestion and 
under my observation.—W. P. MAson. 
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. 
of the water to be experimented upon was obtained through the / 
20 troughs. At the top of the apparatus a cistern was placed of i. 
sufficient size to hold the entire bulk of the water to be employed. 

From the cistern a constant flow of the water through the 
troughs was maintained. <A second cistern of similar size was 
placed at the bottom of the apparatus, so that all the water from 
the last trough of the series was delivered therein. The water i 


from the lower cistern was continually pumped by a small force 
pump into the one above. 

As opposed to Tidy’s conclusions, Frankland states: 

**T should say that it is simply impossible that the oxidizing 
power acting on sewage runningin mixture with water over a 
distance of any length, is sufficient to remove its noxious quality. 
I presume that the sewage could only come in contact with oxy- 
gen from the oxygen contained in the water and also from the ; 
oxygen on the surface of the water, and we are aware that ordi- 
nary oxygen does not exercise any rapid oxidizing power on organic 
matter. We know that to destroy organic matter the most power- 
ful oxidizing agents are required. We must boil it with nitric and 
chloric acid and the most perfect chemical reagents. ‘To think to 
get rid of organic matter by exposure to the air fof a short time ' 
is absurd.” 

One of Frankland’s experiments was as follows: A bottle con- 
taining an equal volume of peaty water and air was securely tied 
to a wooden cradle which was fastened to the connecting rod of a 
horizontal steam engine making 100 strokes per minute and was 
thus shaken. Frankland afterwards analyzed the air in the bottle, 
and from lack of CO, therein concluded absence of oxidation. 

It was with a view of obtaining more light upon this subject, 
from analysis of the water itself, that the following experiments 


were undertaken. 

The method of shaking, by fastening to the connecting red-of 
an engine, was similar to that of Frankland, and the water ex- 
perimented upon was in each case analyzed before and after shak- 
ing. In the first six (6) experiments a tin can of 4000 c.c. capa- 
city was used, but glass stoppered bottles of like capacity were 
afterwards substituted therefor. 
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Varying amounts of sewerage were placed in the bottles, water 
added until the dilution reached 3,000 ¢c.c., the mixture was then 
thoroughly stirred and 1,500 c.c. were taken out and analyzed. 
The bottle containing the remaining 1,500 c.c. was then securely 
fastened to the connecting rod ofa horizontal steam engine of 10 in. 
stroke, running at a speed of 75 revolutions per minute, so that 
in an hour the water was subjected to 9,000 violent concussions 
and traveled 1.25 miles. 

The lengths of time during which the waters were thus lashed 
into spray varied from 18 to 60 hours. ‘The mean temperature of 
the water during the shaking was 30° C. 

An examination of the results shows that the amount of oxida- 
tion which took plaze during the agitation of the water was very 
trifling, a finding entirely in accordance with Prof. Leed’s obser- 
vations of the water of the Niagara river before and after passing 
Niagara Falls. Direct oxidation does not seem to be a factor of 
any considerable importance in the purification of polluted water. 
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